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WEDNESDAY, FEBRUARY 17, 1960 


Houses or REPRESENTATIVES, 
ON SCIENCE AND ASTRONAUTICS 
Washington, 

The committee met at 2:30 p.m., Hon. Overton Brooks (chairman) 
presiding. 

The CHarrMAN. The committee will come to order. 

Before we get into the testimony this afternoon I want to say that 
when we agreed to divide the bill and turn it over to the subcommittees 
for more rapid handling, we were not quite finished with our full 
committee hearings on this posture program. As a result, we have 
several witnesses next week who are civilian witnesses and who are 
coming from a distance. Dr. Sheldon, our technical director, tells 
me that some of these men can’t come, save on the dates indicated. 
Dr. George R. Arthur, president of the American Astronautical 
Society, Inc., of New York, can come on the 23d, but he can’t come at 
another date within the near future. 

We have Dr. Howard Stanley Seifert who is from Pasadena, 
Calif. He has quite a trip and he has set up his program to be here 
on the 23d. Likewise, Dr. H. Guyford Stever of Cambridge, Mass., 
has done that. 

Here is Mr. Nelson B. Jackson, president of the National Rocket 
Club of Washington. We could, I imagine, set another date for him. 

Then Prof. William H. Pickering, from California, plans to be 
here, too. He can only be here on Wednesday the 24th. Well, that 
would seem to me, the 24th, to be an easy problem. We can meet at 
9:30 and hear Dr. Pickering before the subcommittees get started, 
without interfering with the work of the subcommittees. 

From then on we want to give the subcommittees clearance to act. 
We are giving the subcommittees from Thursday to Thursday, a solid 
week, to do the work. Now, I mention this to you, because, if it wasn’t 
for these men coming from such a distance—and they are distinguished 
scientists, too—if it wasn’t for that fact, I would say postpone their 
appearance. But I think we would have to arrange to schedule them 

uesday and we can probably do that Tuesday morning. Then, to that 
extent only, will we interfere with the subcommittee hearings. Other 
than that, the subcommittees will have a full week. My thought is 
that they will report back Thursday, that is, tomorrow a week. Then, 
that will give us enough time to get the subcommittee reports to- 
gether, take them up in the full committee the following Monday, and 

ass it out of the full committee to the House of Representatives. 
en we will go for a rule before the Rules Committee. But even at 
that speed it will take around 214, 3 weeks to get it upon the 
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floor, and that is about all the time that they can give us. I wanted 
to mention that to you. 

(Aside from Mr. Moeller.) 

The Cuarrman. That is up to the subcommittees. I don’t see wh 
they shouldn’t. Many, many a year we have met on Washington's 
Birthday. That is nothing unusual. The House is in session op 
Washington’s Birthday. It is up to the subcommittee chairmen, 
The only thing is, I want the subcommittees to have their work in by 
Thursday a week so that we can go ahead. 

I think this is an extremely important hearing, because this wil] 
collate the work of the subcommittees on the bill itself and give you 
some general facts and figures covering the entire bill, which you on 
the subcommittees will fit to your particular work of the committee, 

(The text of the bill follows:) 


[H.R. 10246, 86th Cong., 2d sess.] 


A BILL To authorize appropriations to the National Aeronautics and Space Administration 
for salaries and expenses, research and development, construction and equipment, and 
for other purposes 


Be it enacted by the Senate and House of Representatives of the United Stateg 
of America in Congress assembled, That there are hereby authorized to be appro- 
priated to the National Aeronautics and Space Administration for the fiscal 
year 1961 (a) such sums as may be required for “Salaries and expenses” and 
for “Research and development,” and (b) the sum of $122,787,000 for “Construc- 
tion and equipment,” as follows: 

(1) Langley Research Center, Hampton, Virginia: Hypersonic aerothermal 
dynamics facility and dynamics research laboratory, $11,957,000. 

(2) Ames Research Center, Moffett Field, California: Centrifuge equipment, 
$980,000. 

(3) Lewis Research Center, Cleveland, Ohio: Energy conversion laboratory 
and basie materials research laboratory, $9,100,000. 

(4) Goddard Space Center, Greenbelt, Maryland: Payload testing facility; 
satellite systems, laboratory ; and utility installations, $9,500,000. 

(5) Pilotless Aircraft Station, Wallops Island, Virginia: Precision trajectory 
determination system; operations computing center; and equipment modern- 
ization, $4,000,000. 

(6) Jet Propulsion Laboratory, Pasadena, California: Land acquisition; 
modernization of laboratory facilities; solid propellant facility; liquid propel- 
lent test cell; and antenna range, $5,000,000. 

(7) NASA Huntsville Facility, Huntsville, Alabama: Saturn static test facil- 
ity; central laboratory and office facility; dynamic test facility; pressure test 
cell; and additions to existing facilities for structures engineering, guidance 
and control, fabrication, checkout, and assembly, $26,750,000. 

(8) Atlantic Missile Range, Cape Canaveral, Florida: Completion of the 
Saturn launching complex, escape mechanism, hydrogen system, new Saturn 
launching complex, staging building, and addition to the engineering and labora- 
tory building, $27,750,000. 

(9) Various locations: Tracking facilities, $27,750,000. 

‘ (ec) Appropriations for “Research and development” may be used for any items 
of a capital nature (other than acquisition of land) which may be required for 
the performance of research and development contracts: Provided, That none 
of the funds appropriated for “Research and development” pursuant to this Act 
may be used for construction of any major facility, the estimated cost of which, 
including collateral equipment, exceeds $250,000, unless the Administrator or 
his designee notifies the Committee on Science and Astronautics of the House 
of Representatives and the Committee on Aeronautical and Space Sciences of the 
Senate of the nature, location, and estimated cost of such facility. 

(d) Appropriations for “Research and development” may be used, in any 
amount not to exceed $20,000 for emergencies and extraordinary expenses upon 
the approval or authority of the Administrator and his determination shall 
be final and conclusive upon the accounting officers of the Government. 
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(e) When so specified in an Appropriation Act any amount appropriated for 
“Research and development” and for “Construction and equipment” may remain 
available without fiscal year limitation. 

Sec. 2. Authorization is hereby granted whereby any of the amounts prescribed 
in subparagraphs (1), (2), (8), (4), (5), (6), (7), (8), or (9) of subsection 
1(b) may, in the discretion of the Administrator of the National Aeronautics 
and Space Administration, be varied upward 5 per centum to meet unusual cost 
variations, but the total cost of all work authorized under such subparagraphs 
shall not exceed a total of $122,787,000. 

Sec. 8. Any amount, not to exceed $5,000,000, of the funds appropriated for 
“Construction and equipment” pursuant to this Act, may be used to construct, 
expand, or modify laboratories and other installations, if found by the Adminis- 
trator to be necessary because of changes in the national program of aeronautical 
and space activities or new scientific or engineering developments and if the 
Administrator determines that deferral until the next authorization Act would 
be inconsistent with the interest of the Nation in aeronautical and space activities, 
and in connection therewith to acquire, construct, convert, rehabilitate, or install 
permanent or temporary public works, including land acquisition, site preparation, 
appurtenances, utilities, and equipment: Provided, That upon reaching a final 
decision to implement, the Administrator or his designee shall notify the Com- 
mittee on Science and Astronautics of the House of Representatives and the 
Committee on Aeronautical and Space Sciences of the Senate of the cost of such 
construction, expansion, or modification including those real estate actions per- 
taining thereo: Provided further, That no such funds shall be used for construc- 
tion, expansion, or modification if authorization for such construction, expansion, 
or modification has been previously denied by the Congress; and additional ap- 
propriations are hereby authorized for purposes of this section in the amount of 
$5,000,000. 

The Cuatrman. Mr. Horner, do you have a statement? 

Mr. Horner. I do not have a prepared statement this afternoon, 
but if it is—I am afraid it is going to inconvenience some of the 
members of the committee a little bit. I have some charts to talk 
to from here that I would like to use. 

The Cuarrman. They wouldn’t mind moving over here left of 
center. 

Mr. Futon. Mr, Chairman, as a matter of qualification, could I 
ask Mr. Horner to put in the record his title and the provision under 
which he is hired. 

The CuatrMan. We think he is a very important man and, if you 

9 
will give the reporter your exact title and the scope of your ex- 
perience, we would appreciate it very much. 

Mr. Futton. The slot you are in and also what other slots there are 
of equal rank. 


STATEMENT OF RICHARD E. HORNER, ASSOCIATE ADMINISTRATOR, 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION; AC- 
COMPANIED BY RALPH E. ULMER, BUDGET OFFICER; ROBERT 
NUNN, ASSOCIATE GENERAL COUNSEL; AND JAMES GLEASON, 
ASSISTANT ADMINISTRATOR FOR CONGRESSIONAL RELATIONS 


Mr, Horner. Sir, I am employed with the National Aeronautics 
and Space Administration as the Associate Administrator, with the 
responsibilities of management of the operating program. Perhaps 
the closest analogy is one of the general manager in other Govern- 
ment programs. I am employed under the provision in the Space 
Act which permits the Administration to employ 10 people within 
the salary range of $19,000 to $21,000. 
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I am employed at the $21,000 level. Within the Administration ] 
believe we have four other people employed at that level. 

Mr. Fuuron. Is your Associate Director title given to you by a reg- 
ulation of the agency? Itis not by statute? 

Mr. Horner. It is not by the statute. If I may correct you, sir, it 
is Associate Administrator. 

Mr. Fuuron. Yes. 

Mr. Horner. It is a title which I believe is given by the 
Administrator. 

The Cuarrman. Mr. Fulton doesn’t think you have any title and 
that is important, to have the proper title. 

Mr, Fuxron. I wanted it to be a statutory authorization, a posi- 
tion that will differentiate you, because of your responsibilities, to 
the nine other people in the same slot. I would, therefore, have jt 
designated as either Program Director, Associate Administrator, or 
have a designation that would have him come in here with a respon- 
sibility directly to this committee as well as to the Administrator, 
You see, I want a much broader responsibility for him. We can then 
check with somebody on how the programs are going. 

The Cuarrman. As we begin to read the bill for amendment you 
can offer your amendment then. I know you wouldn’t want Mr. 
Horner to comment on that, himself. 

Mr. Fuuron. Could I ask what the Administrator and the Deputy 
Administrator get? Is it $22,500? 

Mr. Horner. Frankly, I don’t know. 

Mr. Fuuron. Mr. Gleason, supply that for the record. Include the 
whole series, the first 2 plus the next 10. 

Mr. Nunn. It is provided by statute. The Administrator’s salary 
is $22,500, and the Deputy Administrator’s salary is $21,500. 

The Cuarrman. Mr, Gleason, would it be possible to give us later a 
list for the record of all of those employed under that special category 
from $18,000, I believe it is, up to $22,000? 

Mr. Gixason. Yes; we will be happy to do that. 

The Now: there is rollcall. 

Mr. Futron. I can tell you what it is, it is the tax bill, withholding 
by the Federal Government of city wage taxes. 

Mr. Hines. That is right, it is on the tax. 

The Cuarrman. Is that what it is, a tax bill? 

Mr. Yes. 

The Cratrman. We will go ahead until the second call of the roll 
and then we will have to recess for a few minutes so we can vote. 

Mr. Horner. All right, sir. May I proceed ? 

The Cuarman. Yes; until the second call. You will hear the 
buzzer. 

Mr. Horner. Yes, sir. 

Mr. Chairman, gentlemen of the committee, it is my purpose here 
this afternon to recapitulate the testimony that has been given by 
officials of the NASA for the past 3 weeks in terms of the fiscal im- 

lications of our budget authorization request. Dr. Glennan, Dr. 
ryden, and myself, earlier in testimony, have explained to the com- 
mittee our program objectives, our principles of management, admin- 
istrative policies, and our long-range plan, together with the overall 
resources that are required to implement this program. I would like 
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to assure the committee that we are deeply conscious of our responsi- 
bilities in this new program which we are conducting without too 
much precedent; we are deeply conscious of our responsibilities to 
maximize the return per dollar for the expenditure of these public 
funds. We have also had numerous project oflicers treat individual 
segments of the program in some detail and with each element of this 
program there has been an estimate of the financial requirements. 

I am afraid this may have left a rather fragmentary picture of our 
overall financial requirements. So today I would like to summarize 
these requirements and put them in the context of the overall program. 
I would like to use a few charts. 

First, to draw a little bit of history, in the financial performance of 
the Administration, and show you what our resources were in fiscal 

ear 1959, what they are in fiscal year 1960, and what we are requesting 
in fiscal year 1961 (fig. 1). I would point out that the sum that we 


NASA FY 1961 BUDGET 
APPROPRIATION HISTORY | 


338,905, 832 
StE] RED 


523, 575, 000 


915,000,000 


00-14 


FIGURE 1 


have here for fiscal year 1959 was made up of a combination of re- 
sources transferred from other Government agencies, together with 
those appropriated directly to the administration. 
k The CHANROLAS For the purpose of the record, that is $338 million, 
isn’t it ? 

Mr. Horner. $338,905,832. 

Mr. Fuuron. I ask unanimous consent to put his charts in at the 
places in the record. 

he Caiman. If there is no objection, the charts will be put in at 

the proper place in the record. 
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Mr. Horner. I will point out that the 1960 number is augmented 
for comparison purposes by the $23 million supplemental request 
which is currently before another committee of the Congress. 

The Cuatrman. So that will give you for the 1960 fiscal year $523 
million plus $23 million 

Mr. Horner. No, sir. We have now appropriated for 1960 a total 
$500,575,000. I have already added the $23 million supplemental 

uest to provide this number. om 
the Crarman. It gives you a total of $523 million. 

Mr. Horner. That is correct. My purpose in doing that was to pro- 
vide an indication of the growth and rate of growth of the program. 
I would like to assure the committee that based on this start, the 
requested authorization for 1961 is, we feel, the minimum essential 

uirement to carry out the program. 
The Cuamman. That is $915 million ? 

Mr. Horner. That is correct, sir. 

The Cuarrman. Now, tell me this, if I may interrupt. How much 
did you really request of the Bureau of the Budget? 

r. Horner. In the process of budget formulation over a period of 
several months there were, as you know, several significant changes in 
the program. Our original request to the Bureau of the Budget, 
therefore, does not bear too much relationship to either the number or 
the actual program content of this size budget. 

The Cuarrman. No; but it might be interesting. 

Mr. Horner. I will try to recapitulate the major milestones in this 
process. 

The Cuamman. What did you say you had requested ? 

Mr. Horner. I will have to put it together in pieces, Mr. Chairman. 

The Cuarrman. All right, fine. 

Mr. Horner. In order to make sense of it. 

Our original request to the Bureau of the Budget was for $783 mil- 
lion. This was without Saturn and without the supplemental re- 
quest which we are asking for in fiscal year 1960. 

Now, there were program changes made, the Vega project. was can- 
celed, for example, about that time period. There was also in the 
Department of Defense $140 million for the support of Saturn. This 
then would be additive to the 783, making a total of $923 million. 

The Cuatmrman. Mr. Horner, I am sorry, but there is the second 
bell. Iam sure you want to go and vote, Mr. Fulton. We are sorry 
for the inconvenience. We could come right back. 

Mr. Futron. Maybe we could have a Republican caucus and a Demo- 
cratic caucus before we go over and vote. 

The Cuairman. I see what you mean. We will recess for 10 or 15 
minutes. 

(Whereupon, at 2: 55 p.m., a recess was taken until 3: 15 p.m.) 

The Cuarrman. The committee will come to order. Al] the mem- 
bers will be back real soon. The voting in the House is about over. 

Now, Mr. Horner, we were proceeding with you, sir. 

Mr. Horner. All right, sir. 
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To recapitulate this first chart for just a minute, Mr. Chairman, I 
was pointing out the rate of growth of the program in terms of the 
financial resources which have been made available to us and which 

As you know, we request our authorization and appropriation in 
three different accounts, one for salaries and expenses, one for research 
and development, and one for construction and equipment. 

I would like to look at those on a little larger scale. 

The CuatrMaN. Before you reach that, in 1961 you say you re- 
uested seven hundred some odd million, and you added $100 million 

Mr. Horner. Yes, sir, Mr. Chairman, I apologize. I was going 
through that explanation when the committee adjourned. If I may, 
I will just go back and pick that up. 

The CuatrmMan. All right. 

Mr. Horner. Our original request was for $783 million. We at that 
time considered a $35 million supplemental request for fiscal year 1960. 
Within the Department of Defense there was an account of $140 mil- 
lion for the support of Saturn. When the responsibility for super- 
booster development was transferred to the NASA, it was agreed that 
the $140 million which at that time appeared in the budget proposal 
for the Department of Defense would be transferred to that of the 
NASA, making a total at that time of $923 million. 

In the process of further budget formulations there were several 

rogram changes within the NASA, and at the time of submission of 
the budget to the Congress, the budget request, which the NASA sub- 
mitted, you will recall, amounted to $802 million and about the same 
time we had instructions from the President to study further the re~ 
quirements for the superbooster program. 

That study has been completed and as you know an additional $113 
million is now requested for that purpose, making a total of $915 
million, which you might say compares with the original request made 
by the agency of $923 million. 

The CuarrMan. Just $8 million difference ? 

Mr. Horner. Yes, sir. However, there have been, I would empha- 
size again, there have been program changes in the process and the 
actual elements of the program differ somewhat from those at the time 
the original budget requested was submitted. 

Does that complete it, sir ? 

The Cuarrman. Yes. 

Mr. Horner. The pie chart (fig. 2, p. 8) on your left shows the 
breakdown in the various accounts of the appropriation: “Research 
and development,” $621,453,000; “Salaries and expenses,” $170,760,- 
000; “Construction and equipment,” $122,787,000. I would like to dis- 
cuss each of these in more detail. I think it is worth noting that the 
“Research and development” account which is the account from which 
all of our contract project activities is supported, is more than two- 
thirds of the entire budget. 


| 
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FY 1961 BUDGET” 
| $918,000,000 


BY BY 
APPROPRIATION PROGRAM 

RéD 

SPACE | LAUNCH 

/ FLIGHT | VEHICLE 

370,132,000 | 403,023,500 
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DIRECTION > RESEARCH 
12,465,500 129,379,000: 


FIGURE 2 


Before I turn to these individual accounts, however, I think it might 
be of interest to look at a different division, a functional division of 
the program support in terms of the way our organization is divided 
and the way the program is actually implemented. The first category 
is launch vehicle development at $403,023,500. The space flight cate- 
gory, which is actually the development of spacecraft for both explora- 
tion and application purposes requires $370,132,000, and the advanced 
research ag which is the research that is actually carried out in 
our ground base facilities, and lays the foundation for the develo 
ment program of the coming decade, accounts for $129,379,000. At 


about 1 percent of the total program cost we have an item for program | 


direction which is the cost of our headquarters operation and the op- 
eration of certain liaison officers in various locations in the country. 

It is significant to note, I think, that in the one area which we are 
acknowledged to be behind our international competition, that is our 
weight-lifting capability, we are spending the bulk of our resources 
to rectify that situation in the launch vehicle development. 

Now to go to the individual accounts (fig. 3), I would like to talk 
first about the salaries and expenses. In this account we can identify 
the commitments on a geographical basis, actually, the support of the 
personnel we hire in the Raaluletietion and where they are located. 
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Ficure 3.—NASA fiscal year 1961 budget, salaries and expenses 


Number of 
employees at | Requested 

end of year 
‘Ames Research Center, California----.----------------.-.-------------------- 1, 440 15, 244, 000 
Lewis Research Center, Ohio..---------------------------------------------- 2, 736 25, 724, 000 
Flight Research Center, California --_..---...----..-.---.------------------ 416 3, 679, 000 
Goddard Space Flight Center, Maryland...-...-.....-......-.-------------- 2, 000 25, 084, 000 
Wallops Station, Virginia_....-.--------------------------------------------- 300 2, 678, 000 
NASA Huntsville Facility, Alabama-.--------.------..-------.-------------- 5, 500 58, 313, 000 


In the headquarters in Washington we propose to have at the end 
of fiscal year 1961, 683 people in the headquarters at a cost in salaries 
and expenses of $9,890,000. This, as you see, is the bulk of the cost of 
this program direction item that I mentioned earlier. 

Then, at our three research centers and the flight research center, 
which is an experimental effort, we have the salaries for the employees, 
for these staff sizes here [indicating], which are stable at these sizes, 
and have been for the past 3 years. At the Goodard Space Flight 
Center we have the new development center tailored to the require- 
ment of spacecraft development, proposing staffing at the end of fiscal 
1961 at 2,000 at a cost of $25 million. By far the largest element in 
this account is the support of the new Huntsville Center, 5,500 employ- 
ees for a charge of $56 million. And, as I mentioned earlier, we have 
various liaison offices in the United States, a total of 78 employees. 

The Cuarrman. When you come to that Huntsville facility, they 
testified that the Von Braun team was composed of 4,500 persons. 
You have 5,500. Why the difference of a thousand ? 

Mr. Horner. The difference, sir, is that required to provide the ad- 
ministrative management and logistic support which has, in the past, 
been furnished by other elements of the Army outside of the Develop- 
ment Operations Division of which Dr. Von Braun was the director. 
In transferring the Von Braun group out of the Army Ballistic Mis- 
sile Agency, we must recognize that that particular group constituted 
one of four divisions within the Army Ballistic Missile Agency. 

Some elements of the management support for that group came 
from the headquarters of the Army Ballistic Missile Agency, from 
the headquarters of the Army Ordnance Missile Command, and we 
have reached agreements with the Army to select certain of those per- 
sonnel to transfer into this organization. There will be some addi- 
— Ze people in order to make this an organization that can live by 
itself, 

The Cuarrman. Mr. Fulton? 

Mr. Futon. Before you leave that point, I think it is a very worth- 
while point. The question is on the transfer of the people of the Von 
Braun team from ABMA to NASA where you have adequate slots 
on civil service of a high enough rating and enough variable that you 
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can keep a lot of those high-ranking scientists and keep them at a level 

that you ought to have them. You see, is your slot structure correct? 

I understood that a lot of these people were higher than you had high. 

= slots for. There are more of them than you had high-level slots 
or. 

Mr. Horner. I will try to recapitulate that situation as it exists to. 
day, Mr. Fulton. 

here are within the technicians and scientists of the Development 
Operations Division today, as the chairman mentioned, approximately 
4,300 people. Of these, 19 now occupy what is known in the Depart- 
ment of Defense as supergrade positions. This is above the normal 
graded service level in the Civil Service structure. They are at the 
GS-16, 17, or 18 level or at a position salaried between $14,000 and 
$19,000, as provided for in Public Law 313. 

In transferring to the NASA, it has been agreed that all of these 
positions except one for the incumbent Pershing project director, who 
will complete his assignment as a part of the Army, will be transferred 
tothe NASA. 

In addition to that we currently plan to provide to the new NASA 
Huntsville Center 20 of the excepted position allocations which we 
have under the Space Act of 1958. 

From that basis you will see the—— 

Mr. Futron. What salary range are they ? 

Mr. Horner. Those are within the salary range of $14,000 to $19,000, 

From that basis you will see that the status of some of the scien- 
tists at the new Huntsville Center will be markedly improved over 
their salary and grade structure status at the moment. 

Now, it is true this is not the complete story. It should be noted 
that pending within the Department of Defense, at the time of the 
transfer, were requests from the Development Operations Division of 
ABMA for additional supergrade structure. The extent to which 
this request might have been allowed, we have no way of knowing—I 
don’t think anybody does. But it does indicate an assessed require- 
ment by the personnel within the division for additional high grade 
positions and it is accurate to say that their assessed requirement for 
additional high grade positions is not fully met by the allocation we 
have made of 20 additional positions, but the 20 additional positions 
does constitute all we have available for that purpose. 

Mr. Foxton. That is what I am trying to get. What is the 
deficiency, so we might give you statutory authority to get more? 

Mr. Horner. We have not completed, yet, a study of the full 
deficiency. In terms of what had been requested, I have been told— 
only by word of mouth and I have not seen a formal request—that it 
amounts to something between 20 and 30 positions as a deficiency. 

Mr. Fuuron. With the chairman’s permission can he put a state- 
ment in the record at this point ? 

he CHarrMan. Yes. 
(The information requested is as follows :) 


STATEMENT RELATING TO NASA REQUIREMENTS FOR EXCEPTED POSITIONS 


With regard to our need for excepted positions, we have made a study of our 
program requirements and find that an additional 30 positions are needed. 

We have developed a legislative proposal and appropriate supporting material 
providing for an increase from 260 to 290 excepted positions. 
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This proposal also includes provision to increase from 10 to 13 the number 
of such positions which may be established within the salary range from 


to $21,000. 
have the approval of the Bureau of the Budget. 


STATEMENT OF REQUIREMENTS FOR ADDITIONAL NASA ExceEPTeD POSITIONS 


This statement is in support of NASA’s request for 30 additional excepted 
positions to cover expanding program requirements beyond those which can be 
encompassed within the existing 260 excepted positions now authorized under 
section 203(b) of the Space Act of 1958. 

At the present time, NASA has established 218 of the 260 positions authorized. 
It has filled 208 of these with 10 commitments to individuals who have not yet 
reported for duty. The distribution of these by salary rate and by location is 
shown in the attached listing. Practically all positions at the $16,000 level 
and above are those of chiefs of major divisions in the research and space fight 
centers, and of chiefs of key professional or technical programs in the head- 

rs. 
ee eriteria used in selecting individuals for excepted positions and in de- 
termining salary rates are based on the scope and complexity of the work itself 
and specific consideration of the individual’s reputation and achievements and his 
promise of further contribution in the proposed position. The Administrator 
considers for approval under this special authority only those individuals whose 


qualifications have been screened and endorsed by an executive salary committee 


composed of the top program leadership in NASA headquarters. The Deputy 
Administrator, Dr. Hugh L. Dryden, is the chairman of this committee. 

Of the 218 established positions, 82 are used in the headquarters. These 
positions are filled with individuals who head up professional and technical 
functions for the total space program, except for nine positions which are allo- 
cated to executive type personnel heading key functions in the business man- 
agement area. 

A total of 136 jobs are currently allocated and used by NASA’s various field 
centers. At the principal research centers the average ratio of excepted positions 
to the total research scientists and engineers is approximately 3.8 percent. 

Compared with the present NASA ratio of 3.8 percent, the Huntsville Von 
Braun group has Army allocated positions equal to 1.8 percent. The addition of 
20 excepted positions which NASA can make available within its present limit 
of 260 positions will bring this percentage to 2.8 percent. The request before 
the committee for an additional 30 NASA excepted positions is based upon pro- 
gramed requirements for 16 more excepted positions at Huntsville. This will 
give the new NASA facility 54 positions above GS—15 salary levels. The ratio 
of such positions to the total professional staff would then be 4 percent. 

The request for 30 positions includes 4 additional scientific and technical jobs 
to be located in the Langley Research Center, 1; the Lewis Research Center, 2; 
and the Goddard Space Flight Center, 1. When these are added to the existing 
allocations for these centers, the overall percentage of scientific and engineering 
personnel holding excepted positions exclusive of Huntsville will be 3.9 percent. 

Within the additional 30 positions, it is proposed to allocate 8 additional head- 
quarters positions in the $14,000 to $19,000 range. These are all positions re- 
quiring exceptional scientific and technical training. The particular positions 
in this request are as follows: 

(1) Staff scientist (program evaluation), Office of Program Planning and 
Evaluation ; 

(2) Staff scientist, nuclear propulsion research programs, Office of 
Advanced Research. 

(3) Chief, scout class vehicles, Office of Launch Vehicle Programs; 

(4) Chief, advanced technology programs, Office of Launch Vehicle 
Programs; 

(5) Staff scientist, guidance systems; 

(6) Staff scientist, lunar sciences, Office of Space Flight Programs; 

(7) Chief, flight systems development (lunar and planetary programs), 
Office of Space Flight Programs; and 

(8) Chief of advanced development, space flight operations, Office of 
Space Flight Programs. 

Finally, within the 30 additional requested positions NASA is asking that 3 
of these be authorized in the pay range $19,000 to $21,000. These would be 
programed as follows: (1) The Director of the NASA Huntsville facility; (2) 
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the Director of the Office of Launch Vehicle Programs (this position to be helg 
as a contingency for a civilian appointee in case the post should become vacateg 
by the present incumbent, an Air Force major general) ; and (3) one position, 
as yet undesignated, to be held by the Administrator in reserve for future pro. 
gram developments. 

The Cuarrman. When you make the transfer and you allot these 
20 or 30 positions, does that amount to a pay raise for these people? 

Mr. Horner. Yes, sir; in each case, 

The Cuarrman. And how much? 

Mr. Horner. It will vary depending upon the individual, his quali- 
fications, and the position he happens to occupy in accordance with 
the grade structure that is standardized throughout the administra- 
tion. 

Mr. Umer. One to five thousand. 

The Cuarrman. What will be the average increase? 

Mr. Horner. I would say the average will be, at the low side of that 
extreme, because generally, of course, the individuals are being paid 
now commensurate with their position responsibilities under the pre- 
vailing Government pay scale. 

Mr. Fuuron. Of the 10 slots that were made available under the 
Space Act of the 85th Congress, are any of those unfilled ? 

Mr. Horner. There is one vacant at the present time; yes, sir. 

Mr. Furron. At that level, certainly, there must be a few coming in 
from the Huntsville installation that should fit into that group. 
Shouldn’t that group be larger? 

Mr. Horner. Our present practice, Mr. Fulton, is to have in that 
category at the field centers only one position, and that is the director 
of the center. 

Mr. Fuuron. So that would be Von Braun in this case? 

Mr. Horner. Yes, sir. 
=r} Foutron. But none of his top-team men is going to be up at this 
evel 

Mr. Horner. Above $19,000 and up to $21,000? 

Mr. Furron. Between $19,000 and $21,000. 

Mr. Horner. If they were, it would not be consistent with the rest 
of our organization. 

The Cuarrman. Well, let me ask you this: Has the Bureau of the 
Budget approved a pay increase? 

Mr. Horner. We have statutory authority, sir. 

The Cuarrman. You what? 

Mr. Horner. We have statutory authority. 

The Cuarrman. I know. But do they have a request for the neces- 
sary appropriations ? 

Mr. Horner. Our appropriation provides for the 

The CuatrMan. For the increase ? 

Mr. Horner. For the increase, yes. 

The CHarrman. In the light of the Presidential policy of holdi 
the line on salaries, I am wondering what will be the position on this 

Mr. Horner. Well, we do have in our budget authorization request 
adequate money in the salaries and expense account to provide for 
paying these particular positions. Will you correct me on that? 

Mr. Utmer. Yes, sir; we do have for the current 260 authorized 
ceiling. 
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The CuarrMAN. You have legislative authority to go ahead and 
do it without Congress ? 

Mr. Horner. Yes, sir. 

The CHARMAN. So you really don’t need any help from this 
committee ? 

Mr. Fuuron. Yes; and extra slots for these high 
level people that he is going to put the statement in on. I agree with 
you on the $14,000 to $19,000 class, but the thing I am speaking of 
are these supergrades, whether these scientists will be satisfied because 
now they will be working for a civilian agency and we are in com- 

tition with the outside civilian people who are also working on 
contracts. 

Mr. Horner. Mr. Fulton, we are only now in the process of desig- 
nating people that will be transferred, of alining people with their 

itions, and we are in the midst, right now, of this kind of a study. 
We will be happy to provide the results of this to the committee when 

It is a very complex matter in which we must go into the details 
of each individual position and each individual and it is going to 
take a matter of a few weeks to get this straightened out. 

The Cuarrman. Are you telling the committee, now, that you are 
not going to need any more money to do this ? 

r. Horner. We are not going to need any more money, Mr. Chair- 
man, to carry out the grade structure for which we have authorization 
in the Space Act of 1958. That is correct. 

The Cuatrman. But to create the additional slots you will need 
more money ¢ 

Mr. Horner. We not only need more money, we will need more 
position authority. 

The Cuatrrman. More authority too? 

Mr. Horner. Yes, sir. 

The Cuarrman. And all of them will be a grade level with a mini- 
mum of $18,000. 

Mr. Horner. The present structure provides for two different types 
of excepted positions, one within a range of $14,000 to $19,000, and 
then the restricted number of 10 that vary from $19,000 to $21,000. 

The Cuarrman. But that is where you need your authority. 

Mr. Horner. Sir, I am not piepared to say at this time the extent 
to which we need that authority. 

Mr. Fuuron. If we are going to try to work on this bill, the ques- 
tion is, could you give us a pretty firm estimate that we could then 
get it in our authorizing bill? I think that a provision of this kind, 
which would provide for salary increases in a separate piece of legis- 
lation, might have pretty rough going. 

The Cuamman. There is no question in my mind that it would 
have rough going, certainly. 

at Fuiron. So you will have to get an estimate up here pretty 
quickly. 

_Mr. Horner. I think we can provide such an estimate in a short 
time period. 

Mr. Fuuron. That is all. 

The Cuamman. Mr. Hechler. 
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Mr. Hecuuer. Is it all right to ask another question on Huntsville 
at this point or do you have an order of proceeding here? Is it al] 
right to ask one? a 

he CuarrMAN. Surely. Go ahead and ask him. 

Mr. Hecuter. I am still a little puzzled about that 1,000 increase 
in personnel over what it used to be under the Army. This amounts 
to an increase of nearly one out of five employees. 

I am a little puzzled as to why you need all that overhead in ad. 
dition to the people that are actually going to do the work. I heard 
your explanation, but I am just puzzled why the excessive amount 
of a thousand additional. : 

Mr. Horner. Mr. Hechler, may I emphasize that that is not a net 
increase of employment? At least 815 of these are people who are 
now currently employed in different organizations in the Army who 
will be transferred with this group in order to make this group a 
complete one. 

Mr. Hecuter. Let me clarify that by asking whether it took exactly 
the same number of people when the entire organization was under 
the Army for such overhead purposes ? 

Mr. Horner. Of at least the same order of magnitude. It is very 
difficult to say that it took the same number since both military and 
civilian staff were used by the Army in supporting the Development 
Operations Division. But one would suspect that it takes somewhat 
more to run two organizations independently than it takes to run 
one. That is literally what we are doing here. 

It is true that the total responsibilities of each organization indi- 
vidually are reduced from what they were when they were joined 
together. I think we are probably going to end up with new en- 
ployees of a few hundred, in that area. 

Mr. Hecuter. I think it would be useful for subcommittee pur.. 
poses at least to have some type of a more specific breakdown on that. 

Mr. Horner. We can break down the numbers in detail. I don't 
have them with me here today. I will be glad to supply them for 
the subcommittee’s consideration. 

Mr. Hecutrr. Yes, I think that is probably a subcommittee matter, 

_ Mr. Horner. For the construction and equipment programs (fig, 
4), this is another account which we can break down by geographical 
location, since it provides new facilities which are necessary for carry- 
ing out the program. 


FicurE 4.—National Aeronautics and Space Administration, fiscal year 1961 
budget—Construction and equipment programs 


Aeronautical and space research facilities : 


Langley Research Center, Va_ ---. $11, 957, 000 
Ames Research Center, Calif 980, 000 
Lewis Research Center, Ohio. 9, 100, 000 
Space flight development and operations facilities: 
Goddard Space Flight Center, Md 9, 500, 000 
Wallops Station, Va ee. 4, 000, 000 
Jet Propulsion Laboratory, Calif _..__ 5, 000, 000 
NASA Huntsville Facility, Ala 26, 750, 000 
Atlantic Missile Range, Fla 27, 750, 000 
Tracking and data acquisition 27, 750, 000 
Total _--. 122, 787, 00 
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The first category, aeronautical and space research facilities, is 
simply the modernization of the facility complex at the research centers 
to orient them toward the space program, as opposed to the aero- 
nautical program that was carried out there in the past years. 

In space flight development and operations facilities, these are facili- 
ties that are necessary for the space flight development centers and for 
the operation of space vehicles. 

You will notice in the account, $914 million of additional facilities 
at the new Goddard Space Flight Center, and $4 million for improving 
the capability at Wallops Island, where a large fraction of our sound- 
ing rocket program, and scout operational program is to be carried 
out. New facilities for the jet propulsion laboratory are provided 
for its orientation in support of the deep space craft development 
responsibility. 

by far the biggest account, again, of course, is for the NASA Hunts- 
ville facility and the Atlantic Missile Range, both of which are largely 
in support of the Saturn development program and, as you can see, 
these sizes of facilities are quite expensive. 

The last line item, of course, is the tracking and data acquisition 
requirements at various locations around the world. 

The CuarrMan. Do you include in that Atlantic Missile Range the 
operation at Cape Canaveral ? 

Mr. Horner. That is almost entirely an investment at Cape 
Canaveral. 

The Cuarrman., It is? 

Mr. Horner. Yes, sir. 

The Cuatrman. So that is not the downrange cost then? It is 
Cape Canaveral mostly ? 

Mtr. Horner. We do not have any downrange costs at the Atlantic 
Missile Range. We are using entirely the facilities of the Department 
of Defense with the exception of special facilities at the newer stations 
that we are providing in support of Project Mercury. 

The Cuarrman. Now, you just said that the Atlantic Missile Range 
in Florida was almost entirely a part of the Mercury program ? 

Mr. Horner. Saturn program. 

The Cuarrman. Saturn program. 

Mr. Horner. The big bulk of this number is for the construction of 
a Saturn launch facility. 

Isn’t the Atlantic Missile Range used for all types 
of tests 

Mr. Horner. Yes, sir; itis. It just happens that most of the facil- 
ities we need for other projects are in position there through prior 
rr investment and through investment by the Department of 

efense. There are some dollars in here for construction of facilities 
in support of other programs. I just mentioned that the biggest 
part of this was for Saturn. 

Mr. Fuuron. Mr. Chairman, would you yield ? 

The Cuarrman. Mr. Fulton. 

Mr. Fuuron. Before you leave this particular chart on construction 
there have been some stories going around—I have read several of 
them—that we are going to take $1,500 million for either the changing 
of highway bridges or tunnels or changing highways so that these 
large space missiles and vehicles could be carted around. One story 


et 
re 
10 | 
a 
ly 
er 
id 
nt 
at 
li- 
n- 
Ir . 
at. 
n’t 
or 
er, 
ig. 
‘al 
1 


16 1961 NASA AUTHORIZATION 


had it that it was going to cost the State of Pennsylvania $25 million. 
to change tunnels and bridges. There is nothing really to that, is 
there? There is no study, plan, or program on it? Actually, | 
haven’t heard any presentation on it, but I have seen some very re- 
markable stories. 

Mr. Horner. In the context of our present program, Mr. Fulton, 
that story is completely false. We have no element of our program 
which requires overland transportation which will in turn require 
modification of standard clearances. 

Mr. Funron. So there is really no dispute between the Federal 
Government and any State or local municipality on constructing such 
things to handle missiles ? 

Mr. Horner. Not in—excuse me, sir, I cannot speak for the missile 
program, but as far as the space program is concerned this is true, 

Mr. Foxron. On the space program I mean. 

Mr. Horner. To the best of my knowledge, we have the largest 
devices that are currently under development in the space program, 
Now, it is true that the first and second stages of the Saturn are too 
large for overland transportation. We will in each case plan to. 
transport those by water to the launch site. 

We turn now to the research and development programs—figure 5, 
The first item, research at advanced research centers of $61 million; 
this is for support of research projects at the four centers which I 
noted on the previous chart : Lewis Laboratory, the Ames Laboratory, 
the Langley Laboratory, and the Flight Research Center. 


Ficure 5.—NASA fiscal year 1961 budget—Research and development programs 


Research at advanced research centers__-.-.-.------------------ $61, 345, 000 
Space science and exploration___...__...._..--.-.-----------.-.. 94, 700, 000 
Vehicle system development 215, 008, 000 
Trecking ‘end Wate ‘acquisition... 32, 550, 000 

Total 621, 453, 000: 


The next two line items, space science and exploration and satellite 
applinetions, is the money required for the support of development 
of spacecraft. This is the complete cost proposed for the development 
of spacecraft with the exception of that for manned space flight which 
is a project unto itself on the next line item and was discussed for 
you yesterday by Mr. Low. Here again you can see a breakout of the 
relative size of expenditures that are proposed for vehicle system 
development and space-propulsion technology, which is, of course, 
our effort to overtake the international competitor and provide for 
ourselves the necessary delivery capability. The tracking and data 
acquisition then is the operation cost of the worldwide data gathering 
networks. 

Mr. Futron. On the space propulsion technology, how much is in 
that for boron research and development? If you don’t have it now, 
put it in later. 
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Mr. Horner. A relatively small amount, Mr. Fulton. I will have 
to provide that for the record, 

The information requested is as follows :) 

Under space propulsion technology, for basic combustion work pertaining to 
rockets, approximately $10,000 is allocated to boron fuel research in fiscal year 
1961. 

The CuHarrmMan. Mr. Moeller. 

Mr. Moetter. In connection with the tracking and data acquisition 
program, is there some operation in conjunction with the Navy, for 
example, in this, that NASA doesn’t have to have entirely its own 
separate devices ¢ 

Mr. Horner. We are very carefully coordinated with the entire 
Department of Defense and using largely Department of Defense 

acilities. 
, The CuamrMan. This is NASA’s share in this? 

Mr. Horner. Yes, sir; and toa large extent this is the cost of actual 
operations that required, in addition to the defense operation in sup- 
port of our programs. In other words, the way this works out in most 
eases is that these are expenditures that are necessary solely because 
of our program. We frequently find that we can get a free ride on 
the Department of Defense, where they are providing the capability 
for their own program which is also adequate to our needs. 

The Cuarrman. I see. 

Mr. Horner. But there are many elements of our program that are 
unique. For example, the entire Mercury structure, the Mercury in- 
strumentation and tracking structure is almost unique to the Mercury 
program in about two-thirds of the circumference of the world. So 
those programs we have to pay total costs on. 

Mr. Furton. I have one more question: There has been comment 
of a new program of cooperation with Canada and also with Australia, 
would those international cooperation programs be under this particu- 
lar budget? How much are they? 

Mr. Horner. I would like to provide the financial details for each 
one of those programs for the committee if I may. They are dif- 
ferent with different nations, depending upon our agreements with 
the different nations, which in turn depend upon the relative capa- 
bilities of the country we are speaking of. 

For example, perhaps the most common arrangement is for the for- 
eign country to provide the spacecraft and we are providing the 
launch vehicle. e both benefit from the data that is gained. 

In looking at it in one respect, this is a net advantage to the free 
world’s program, since we in the United States get the data cheaper 
by not having to develop the spacecraft. 

Mr. Fuuron. For example, I don’t want it to go on, at Jodrell 
Bank, University of Manchester, with Dr. Lovell—do you have in 
there funds, for example, for getting some of the time—— 

Mr. Horner. There is money in this tracking and data account 
for paying salaries at Jodrell Bank during those time periods when 
they are working on our space experiments. This is done under 
contract with Dr. Lovell. 
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Mr. Furron. If you could put in the record the part of the budget 
that is cooperation with the free nations in outer space work, I would 
like it. Not for now, but I would like it, with the chairman’s per- 
mission. 

Mr. Horner. Allright,sir. 

(The information requested is as follows :) 


The fiscal year 1961 estimate includes funds for the operation of non-NASA 
stations as follows: 


Jodrell Bank, England____--_ $300, 000 
Fort Churchill, Canada 700, 000 
All other 400, 000 

Total 1, 400, 000 


Mr. McDonoven. On the tracking and data acquisition, that 
includes all the tracking stations around the world ? 

Mr. Horner. Yes, sir. 

Mr. McDonoveu. Is that duplicated by the Defense Department 
or do they use the same facilities ¢ 

Mr. Horner. We use the defense facilities where they exist. How- 
ever, I would point out that the defense facilities generally have not 
been required all the way around the world, therefore, for those 
missions where we have worldwide requirements, we have had to 
supplement the defense facilities. 

or example, most of the defense facilities have been built in sup- 
ort of missile programs. Missile programs have been pains = 
esigned to some nominal range like 5,000 or 6,000 or 8,000 miles. 

This means that they have only required range instrumentation 
for that length of the circumference of the globe. In Project Mer- 
cury we are using the stations that are part of the Atlantic Missile 
Range, the Pacific Missile Range and the White Sands Range, but 
we on also having to supplement those in areas where no stations 
existed. 

Also in the deep space net there was no worldwide capability. 
There was at Goldstone, in the California desert, a single dish which 
was placed there originally by the Army. This was under the man- 
agement of the jet propulsion laboratory. When the laboratory was 
transferred—the contract responsibility for the laboratory was trans- 
ferred to NASA, we inherited that big dish station. We are having, 
however, to create additional stations as was pointed out the other 
day, one in Australia and one in South Africa, to give us global 
coverage. 

Mr. A blll The point I am making is, couldn’t we have one 
tracking and data acquisition facility moe. the world to be used for 
eran experiments as well as defense purposes, instead of having 
two! 

Mr. Horner. Yes, sir; we can and we do, as far as organizational 
jurisdiction is concerned. We have to have different kinds of net- 
works for different kinds of functions, however. A network which 
is optimized for taking data from vehicles which are in deep space 
at me moon and beyond, for example, is not suitable for a low-flying 
satellite. So we have to have different kinds of networks, but as far 
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as organizational jurisdictions are concerned, we can and we do have 
melding together of the networks. p 

Mr. McDonoven. The same personnel can operate it # 

Mr. Horner. Yes, sir. 

The CuarrMAN. You use the dark fence, don’t you? 

_ Mr. Horner. The dark fence is for a very specific purpose. We 
could use information from the dark fence but it is a responsibility 
of the Department of Defense and is not directly useful to our 

It is primarily designed to detect noncooperative satellites and 
we hope that all of our satellites are going to be cooperative. 

Mr. McDonovucu. Now, on the manned-space flight item there, 
what percentage of that total is for Mercury ? ; 

Mr. Horner. It is practically all for Mercury. There I think, 
is $2 million in there for studies for BT. ey flight beyond 
Project Mercury, but other than that, it is all for the support of 

The Cuarrman. Any further questions? 

Mr. Fuuron. You are already talking about going beyond Project 
Mercury, the Moon or Mars? ! 

Mr. Horner. That is what the study is for, Mr. Fulton, to deter- 
mine what is the next logical step beyond Mercury. Va 

Mr. Fuuron. Have any steps been taken at all toward the joint 
use with the Soviets of these facilities that we have set up? 

Mr. Horner. You may be aware that we have proposed through 
the United Nations to the Soviet Union the use of our Mercury net- 
work for any manned space flight program that they might have. 

Mr. Furron. What has been the response to it? That is what 
I am talking about. 

Mr. Horner. To my knowledge, we have had no response. _ 

Mr. Futon. Could you put that in the record, the offer, something 
about it, and what its present status is? 

(The information requested is as follows :) 

During the meeting of the American Rocket Society in Washington, D.C., in 
mid-November 1959, NASA initiated an informal discussion with Soviet scien- 
tists to explore their attitude toward cooperation in space research. The 
Soviet scientists, L. I. Sedov, A. A. Blagonravov, and V. Krassovsky, indicated 
they were favorably disposed but that cooperation must proceed step by step. 
The only step they were willing to specify was mutual support of the U.N. 
Space Conference proposed by their delegate to the United Nations. 

The Administrator of NASA, in a speech made on December 7, 1959, at 
the Institute of World Affairs, Pasadena, Calif., offered to utilize the services 
of the Project Mercury tracking network to track a Soviet manned satellite, 
in the event such a project is carried out, and, of course, if the Russians pro- 
vide the necessary information on such a satellite. This offer was transmitted 
formally to the Soviet Academy through the U.S. National Academy of Sciences. 
This offer is a specific application of IGY and post-IGY practice with regard to 
the tracking of all artificial satellites and the exchange of the resulting data. 

In January 1960, the above offer was also transmitted directly to Sedov 
at the Soviet Academy of Sciences. Additional possibilities of cooperation, 
already disseminated to the international community (at the COSPAR meeting 
in Nice in early January) were described. Thus, it was stated that the 
telemetry codes and calibrations used in connection with Explorer VII would 
soon be available and might be obtained for reduction of data possibly recorded 
by Soviet scientists. Copies of such recordings were requested in writing. 
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In addition, it was stated that NASA is prepared to collaborate in similar 
measurements from U.S.S.R. spacecraft. 


Finally, detailed information as might be required to utilize NASA’s Project 
Echo for passive communications experiments or studies of atmospheric 


was provided to the Soviet Academy, as had already been done more widele 
in the scientific community. 


No response or acknowledgment has yet been received to these proposals or 
suggestions, 

The Cuarrman. Will the gentleman yield? 

We offered to help them, didn’t we, on this ballistic missile pro 
that they had over there in the Pacific? We offered to send facilities 
over there. 

Mr. Horner. To my knowledge we in the NASA did not. If there 
was such an offer from this Nation, I would suspect it would be from 
the Department of Defense. 

The Cuarrman. Any further questions? 

Mr. McDonoven. Mr, Chairman, while we are on that, the report 
was that they hit the target within a mile and a half. 

The Cuarrman. Less than a mile. 

Mr. McDonoveu. Less than a mile and a half of the target. I 
understand the target was an enormous area. What was the area of 
the target? Do you know? 

Mr. Horner. I donot know, sir. 

Mr. McDonovenu. The fact that they hit it within a mile anda 
half of the target doesn’t mean that they came very close to the bull’s- 
eye, does it? 

Mr. Horner. I am sorry. I feel a little bit uneasy talking about 
this in open session. If the chairman would care to, I think it would 
be more appropriate for closed session. 

Mr. McDonoven. OK. 

The Cuamman. Well, the gentleman feels it is classified ? 

Mr. McDonoveu. I will withdraw the question, 

The Cuatrman. All right. 

Further questions? 

Does that conclude—— 

Mr. Horner. That concludes the discussion of the program. There 
is one other matter which I would like to illustrate for the committee. 
There has been concern, I know, in the past, relative to the portion of 
the program carried out in our own facilities as compared with that 
portion of the effort which we contract with American indust 
(figure 6). I think the committee is properly concerned that we opti- 
mize the use of the vast and diversified field of American industry. 
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NASA FY 1961 BUDGET 
338,905, 832 
OUTSIDE 
CONTRACTS 
i 
523,575,000 
1960 
j 
915,000,000 
FY 1961 

60-118 

FIGURE 6 


I have had this chart made just to illustrate the problem as it cur- 
rently exists and to make a very brief statement of what our policy is 
in the matter, and what we intend to do about it (fig. 6). 

As you can see, our ratio of outside contracts to inhouse expendi- 
tures in fiscal year 1959 was about 3to1. This actually has gone up 
in fiscal year 1960. ‘This is a reflection of the fact that our program 
has increased in size at a more rapid rate than our inhouse capability, 
our organization has increased in size. 

In fiscal year 1961 there will be a slight reversal of this trend, pri- 
marily because of the method of formulation of our organization and, 
of course, in this year this reflects the amalgamation of the Huntsville 
facility with our organization where we take on in one action 5,500 new 
employees. 

ut even in this circumstance, we will still have 72 percent of our 
work in out-of-house contracting and as we have mentioned before in 
front of this committee, we expect that our program will continue to 
grow. We intend to hold the size of our organization and our in-house 
capability stable and in the process of doing this a larger fraction of 
our program actually will depend upon contracts with industry, with 
nonprofit institutions and with American universities. 
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The Cuarrman. Now, you say your program will continue to grow, 
You are Associate Administrator. Looking ahead another year, what 
will that $915 million look like next year, after this? 

Mr. Horner. If we continue the program that we are proposing jp 
support of this authorization, Mr. Chairman, the best estimates that 
we have of our requirements in fiscal year 1962 is something slightly 
more than $1 billion. It is quite speculative for me to speak in more 
finite terms than that at this time because it is dependent on so many 
different factors. 

The Cuairman. Of course, and we are not going to hold you to that, 
That is a speculative figure, but you envision ahead of you a balanced 
program, minimum, per year, don’t you? 

Mr. Horner. Yes, sir. I have also said earlier before this commit- 
tee that within a few years the size of the program, if we continue the 
developments that we have started with this foundation, will exceed 
a billion and a half dollars. 

The CHarrman. Who gives the money to the Army Engineers for 
their mapping program? Does that come from NASA? 

Mr. Horner. That particular project, sir, is a responsibility of the 
Department of Defense and it is supported in the Department of 
Defense. The exact mechanics of it I am not familiar with. 

The Cuarrman. All right. What about the Smithsonian Institu- 
tion? How much does NASA give to the Smithsonian ? 

Mr. Horner.: We do support the Smithsonian Astronautical Observ- 
atory. I would like to provide the exact amount of that contract if] 
may for the committee. 

The Cuamman. You also have projects with the Smithsonian and 
they have some very capable scientists there too. 

Mr. Horner. Yes, sir; they do indeed. We have had a very excel- 
lent relationship with their ‘scientists. They are doing very useful 
work for us. 

The CuatrMan. I happen to know they are a little bit concerned for 
fear that the program might be reduced with the Smithsonian. 

Do you know whether there is any proposal at this time to reduce 
the program or the use of the Smithsonian scientists and facilities as 
you have in the past ? 

Mr. Horner. We have a very real requirement for their services in 
the future space program. 

The Crarrman. Don’t you get excellent results from the Smith- 
sonian scientists ? 

Mr. Horner. They have been very competent in performing the 
functions that we have asked them to a 

The Mr. Fulton. 

Mr. Futon. The question comes up on the divisions of programs. I 
am one of those that is deeply interested in oceanography, having been 
a Navy Reserve officer. 

What is the amount in the current fiscal year and the next fiscal year, 
1961, for oceanography? How big a program is it? What kind are 
they? Whatshould we be doing in it? 5 

Mr. Horner. Sir, I am sorry. I don’t know. That, of course, 1s 
not a part of our program. 

Mr. McDonoveun. Astronautics. 

Mr. Fuuron. Well, this is science. This is on the science space— 
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Mr. Horner. All of our work, Mr. Fulton, is, in accordance with 


our statutory “eg re rye pointed toward aeronautics and space. 


Mr. Futron. Could you divide off the programs between aeronau- 
tics and space? What is the amount you are spending on aeronautics 
assuch? Put it in the record. I think we should have that. 

Mr. Horner. At the present time, at the research centers, about 25 
percent of our effort, that is this effort here [indicating], goes for the 


support of aeronautics. 


fr. Futron. In the old NACA budget—— 

Mr. Horner. Beg pardon? 

Mr. Fuuron. You had an old NACA budget before the NASA came 
along and it was a lot on aeronautics. Could you correlate that budget 
with what we are doing now ¢ 

Mr. Horner. I can in general terms. 

Mr. Furron. Put it in the record. 

Mr. Horner. All right, sir. 

(The information requested is as follows :) 


The accompanying tabulation of appropriations and expenditures is for the 
NACA and NASA for the fiscal years 1955 through 1961 inclusive. Expenditures 
shown for the fiscal years 1960 and 1961, and the appropriations shown for fiscal 
year 1961 are estimates. 

We have no direct way of breaking out the portions of these figures that were 
appropriated or expended for “the peaceful exploration of space.” Generally, 
the NACA figures represent aeronautical research rather than space exploration, 
although it is estimated that in fiscal years 1958 and 1959 the research conducted 
by NACA applicable to space exploration varied from 80 to 50 percent. NASA 
figures generally represent space exploration, except that in 1960 and 1961, 
between $30 million and $35 million will be used to continue the advanced aero- 
nautical research. 


Appropriation title Appropriations} Expenditures 1 
NACA 
Salaries and 2 $52, 240, 000 
Construction and equipment 4, 620, 000 } $73, 796, 890 
1956: 
Salaries and expenses_.......-..... 60, 135, 000 
Construction and equipment -.............-.......- 12, 565, 000 } 71, 257, 328 
7: 
Oonstruction and equipmient . 14, 000, 000 } 75, 946, 632 
Salaries and 76, 076, 209 
1959: 
Salaries and expenses_......-. 78, 100, 000 
Construction and equipment 23, 000, 000 } 103, 491, 016 
NASA 
1959: 
Salaries and 8, 186, 300 
3 204, 619, 532 42, 000, 000 
Balaries and expenses...................-------cceeee-ceeeecaceeacoce 91, 400, 000 
4 335, 350, 000 5 360, 000, 000 
Construction and equipment... 5 122, 787, 000 


1 Includes expenditures on prior-year construction programs. 
2 Includes $1,000,000 transferred from fiscal year 1954 ‘‘Salaries and expenses” appropriation, 
§ Includes $154,619,532 transferred (72 Stat. 433) from the Department of Defense, 
her supplemental for $12,200,000 not included. 
stimated. 


* Pending supplemental for $10,800,000 not included. 
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Mr. Fuuron. That is all, Mr. Chairman. 

Mr. Bass. Mr. Chairman. 

The Cuatrman. Mr. Bass. 

Mr. Bass. If the Congress appropriates for fiscal 1961 the $915 
million you request, will that be about what you will spend? 

Mr. Horner. We have a growing program, Mr. Bass, and, of co 
expenditures always lag obligations by several months or a few years, 
depending upon the type of expenditures. ‘ 

Some of our obligations, such as those for salaries and expenses we 
will spend out largely in the first year, the year that they are obligated, 
For the research and development program, this $621 million, how- 
ever, only a relatively small percentage of it will be spent in the 
first year. 

I believe we have provided to the committee our estimate of expendi- 
tures for the current fiscal year and the way those expenditures will 
be influenced by this obligation. 

As a general matter, they will not spend this much. It is in the 
neighborhood of $360 million. 

Mr. Utmer. $360 million for this year. 

Mr. Bass. $360 million for what year? 

Mr. Umer For expenditures for the current fiscal year 1960. 

Mr. Bass. What will your estimated expenditures be for 1961? 

Mr. Utmer. Perhaps $600 to $650. 

Mr. Bass. Not much more? 

Mr. Utmer. Not too much more. Many of these contracts are 2-, 
3-, and 4-year contracts, particularly the capital investment items and 
the expenditures may be spread over 4, 5, and 6 years. 

Mr. Bass. I understand. 

Mr. Dapparto. Mr. Chairman. 

The Cuarrman. Mr. Daddario. 

Mr. Dapparro. What are your maximum salary limits in the NASA 
budget ? 

Mr. Horner. The maximum salary limits—— 

Mr. Dapparro. Talking about individual salaries? 

Mr. Horner. In NASA there are 10 positions at the level of $19,000 
to $21,000, 250 positions at the level of $14,000 to $19,000 and on the 
balance of our positions from $13,900 down, we have no statutory 
restriction. 

Mr. Dapparto. Is there any recommendation being made that these 
limits might be raised to attract special type of personnel ? 

Mr. Horner. I pointed out to an earlier question that in—in re- 
sponse to an earlier question, that we are currently conducting a study 
of our personnel requirements, specifically, of course, in connection 
with the transfer of the Development Operations Division of the 
ABMA to NASA and we will provide to the committee our require- 
ments within the next few weeks. 

Mr. Dapparto, Are there any people within the ABMA who are 
getting more than those limitations now ? 

_ Mr. Horner. No, sir; the people at ABMA were employed under the 
civil service structure. They did have 16 positions which were above 
the $13,900 level, which is the top level of a GS-15, which ranged in 
salary structure from $14,000 to $19,000. 
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Mr. Dappario. Is there any indication that you might lose some of 
these people within the period of the transfer? ; 

Mr. Horner. We have no such indication; no,sir. 

The CHAIRMAN. rg 4 further questions? If not, I think that pretty 
well covers the whole bill. I have a lot of notes on it, but I think we 
have covered everything very well. ; 

Now, we want to thank you very much for coming here, Mr. Horner, 
and helping us. Tomorrow morning we are going to have General 
Medaris and another witness, and then tomorrow afternoon—— 

Mr. Ducanper. The subcommittees will meet. 

The CHarrMAN. The subcommittees will meet tomorrow afternoon. 
Iam glad toannounce that. Won’t you havea seat? 

Mr. Horner. Thank you, sir. 

The CuairmMaNn. If you are in a rush, we will excuse you, but I had 
one little matter to mention to the committee. 

It seems as though we have got a lot of spare time on our hands, 
at least some people seem to think so, because they gave me this note 
here. The meeting of the organizing members of the Institute of 
Space Law of the p Batts De Astronautical Federation is going to 
occur in Paris March 21 and March 22, and approximately on the 
same date in Geneva there will be a meeting on the law of the high 
seas. 

Mr. Ducanper. I don’t know what organization it is. 

The CuarrMan. That is at Geneva, certainly. 

Mr. Bass. Send Captain Fulton. 

Mr. Fuuton. No, Captain Ducander. 

Off the record. 

(Discussion off the record.) 

The CuHairman. The gentleman is out of order. 

Approximately at the same dates in Geneva, the law of the high 
seas, an attempt to reach international agreement on extension of 3- 
mile limit to the 12-mile limit, and maybe beyond there, and other 
important matters. . 

ow, I mention that to the members of the committee. I don’t see 
any chance for anybody on the committee to get off, unless they can 
do it between dark and daylight, because we have a heavy load. We 
are going to take up right after this bill, the Presidential proposals 
for revision of the Space Act. However, I have been asked to men- 
tion that to the members of the committee. If anybody feels optimis- 
tic to the point that he feels he can get away from the Congress and 
attend those meetings, why let the Chair know about it. I feel that 
while these gatherings abroad are important, it is also extremely im- 
portant that we be here at our post of duty in the committee and on 
the floor of the House. 

Now, I have done my duty when I mentioned that. 

If anybody feels interested, let me know in the next few weeks, 
anyway. 

If there is no further business, we will adjourn until tomorrow 
morning at 10 o’clock. 

Whereupon, at 4:05 p.m., the committee was adjourned. to recon- 
vene at 10 a.m., Thursday, February 18, 1960.) 
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THURSDAY, FEBRUARY 18, 1960 


Houser or REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Suscommitree No, 1, 
Washington, D.C. 

The subcommittee met at 2:15 p.m., Hon. George P. Miller (chair- 
man) presiding. 

Mr. , epepreg The committee will be in order. This is Subcommit- 
tee No. 1 of the Committee on Science and Astronautics, to which is 
referred the construction and equipment phase of the NASA budget. 

Without further ado, we will hear from Mr. Ira H. Abbott, Di- 
rector of advanced research program, NASA. 


STATEMENT OF IRA H. ABBOTT, DIRECTOR, AERONAUTICAL AND 
SPACE RESEARCH, NATIONAL AERONAUTICS AND SPACE ADMIN- 
ISTRATION; ACCOMPANIED BY MAJ. GEN. DON R. OSTRANDER, 
DIRECTOR, OFFICE OF LAUNCH VEHICLE PROGRAMS; COL. D. H. 
HEATON ; JOHN W. TOWNSEND; AND MAJ. VICTOR HAMMOND 


Mr. Aszorr. Thank you, Mr. Chairman. We appreciate this op- 
portunity to present to you the NASA 1961 program for construc- 
tion and equipment. 

This program is presented in detail in the 1961 estimates of appro- 
priations booklet on pages 300 to 427 with a summary and index given 
on pages 307 and 308. 

he total amount requested for new construction and equipment 
is $122,787,000 of which $20,037,000 is to be used for essential new 
research facilities at the Langley, Ames, and Lewis Research Centers. 

You will recall that these research centers were acquired from the 
former National Advisory Committee for Aeronautics. The new 
construction now being requested at these centers is necessary to pro- 
vide research facilities with capabilities beyond any now existing 
to keep pace with the advancing technology and with the changing 
oa of the research from predominantly aeronautical to space 
problems. 

The amount requested represents about 5 percent of the original 
investment in the research centers. 

Facilities for support of 6 ry flight development and operations 
are requested in the amount of $102,750,000. Of this amount, $9,500,- 
000 is for the Goddard Space Flight Center at Beltsville, Md., to 
provide facilities that will be needed for the preparation, testing, and 
oo of scientific payloads for satellites and other space vehicles, 
At Wallops Island, Va., 4 million is requested to extend and mod- 
ernize instrumentation and equipment at this launching site. 
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Modernization and replacement of obsolescent facilities at the Jet 
Propulsion Laboratory, Pasadena, Calif., will require $5 million. As 
you are aware, this laboratory is a Government-owned installation 
operated under contract with NASA by the California Institute of 
Technology. 

We are requesting $26,750,000 for new facilities at the NASA 
Huntsville facility in Alabama. Most of these new facilities are re. 
quired to support the Saturn project which is too large to be fully 
supported by existing facilities. A small amount of this request for 
Huntsville is associated with the transfer of this organization from 
the Army to NASA. 

Most of the $27,750,000 requested for the Atlantic Missile Ran 
Cape Canaveral, Fla., is to provide facilities necessary to permit the 
launching of Saturn vehicles. As you know, the established prac- 
tice at the Atlantic Missile Range is for the using agency, in this 
case NASA, to fund the special facilities needed for use of the range, 

We are also requesting $27,750,000 for tracking facilities in vari- 
ous locations to improve the minitrack net, the deep space net, and 
to complete construction and instrumentation of the Mercury net. 

I have with me Gen. Don. R. Ostrander, Director of Launch Vehicle 
Programs, Mr. John W. Townsend, Col. D. H. Heaton, and Maj. 
Victor Hammond. 

We shall be pleased to discuss with you any or all of the items 
in this program in whatever detail you may wish. 

Mr. Miter. Mr. Osmers. 

Mr. Osmers. I would like to say to Mr. Abbott that I have not 
yet had an opportunity to visit any of the locations where the con- 
struction provided for in the bill is to take place. 

I would make one exception to that. I have visited Cape Canay- 
eral several times, but not in connection with the work of NASA. 

If it could be done, very briefly, Mr. Abbott, and with the chair- 
man’s approval, I wonder if you would just give us a brief rundown by 
location of what we have there now and how this will be augmented 
in general terms. 

Mr. Miter. I think that would be a good idea. I have been at 
a number of these installations but for the sake of the record too, 
Sir, I think if you could tell us, start out with a little somethi 
about Langley, Ames, and Lewis, tell us about their missions, iad 
what you accomplish at each one. It would be helpful for the record. 

Mr. Asporr. Yes,sir. I would be happy to. 

Suppose I cover the research centers and pass the problem to my 
colleagues for the other locations. 

The first three places, Langley, Ames, and Lewis, were acquired 
from the National Advisory Committee for Aeronautics and repre- 
sent three of the four research centers obtained from that agency; the 
other one being the Flight Research Center at Edwards, Calif, at 
which we are not requesting any construction and equipment this 

ear. 

Of these four—— 

Mr. Mitter. I may say for the sake of my colleague, if you look 
at page 310, I think you will find a map of Langley, and as we dis- 
cuss it, he can tell us what they want. 
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Mr. Assorr. That map on 310 is a map of an extremely small area, 

Mr. Mituer. It doesn’t show al] of the areas. This will show some 
of the things. 

Mr. Assorr. Yes, this particular map covers only a little more than 
one block of an extensive area, 

Mr, Mutter. I have walked around it, I know. 

Mr. Assorr. I certainly hope Mr. Osmers will also have an oppor- 
tunity to visit these stations and we will certainly do everything that 
is possible to make such visits convenient and pleasant to him. 

e invite you to attend any or all of them. 

Mr. Osmers. I shall do so. 

Mr. Anzorr. Langley is the oldest of the research centers. It was 
started by the National Advisory Committee for Aeronautics about 
the end of World War I. The center is located on the Langley Air 
Force Base near Hampton, Va., and has a total complement of roughly 
3,000 people. 

The mission of the center in the days of the NACA was aeronautical 
research. Like all the research centers, this mission is being gradually 
changed to include space research, research on space problems. In 
fact, most of the activity at the research centers now is on scientific 
problems relating to space 

Mr. Osmers. Are there any Air Force activities conducted there at 
all at Langley. 

Mr. Asporr. Yes. Langley Air Force Base is a very active Air 
Force base. It is the headquarters for the Tactical Air Command, for 
instance. We occupy a portion of the base under an agreement with 
the Air Force and have done so since the start of the establishment 
down there. 

The Air Force and the NACA went in at the same time near the 
end of World War I. 

Mr. Mitter. You are the tenants of the Air Force on the base, is 
that correct ? 

Mr. Assort. This is largely correct. We do have—— 

Mr. Miter. In this case, you are the tenants of the Air Force. This 
is just for the information of my colleagues, if they haven’t seen it. 
For instance, the NASA at Moffet Field is on a Navy field. 

Mr. Asporr. Yes. 

Mr. Mitter. You have your Ames Laboratory there. There you are 
the tenants of the Navy? 

Mr. Anzorr. Yes. 

Mr. Mitter. You are on this field and the Air Force or Navy exer- 
cises no control or administration over the laboratory. I assume 
that it furnishes certain services, fire protection and guard services 
and that sort of thing, security services that are common to the field. 
Within the laboratories themselves, even though they happen to be 
on a military locality, you are there as tenants and you control your 
own facilities, 

Mr. Anzort. That is correct. I would like to add to what you have 
said, that the relationships between ourselves and the Air Force in 
the case of Langley and the Navy in the case of Moffet Field and 
also between ourselves and the Air Force at Edwards Air Force Base 
in California, where the Flight Research Center is located, has always 
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been excellent. I cannot recall a single case of friction in all the 
years that we have been joint occupants of these installations. 

Mr. CuEnowetH. Who is commanding Langley now? 

Mr. Axssorr. I am sorry. I can’t tell you. You mean the Air 
Force ? 

Mr. Cuenowertu. The headquarters. 

General Osrranver. General Everest. 

Mr. Assorr. As the chairman has said, our operations are primaril 
independent of the military occupants of the installation. The milj- 
tary furnishes the general guard duty. 

We are, however, responsible for detailed security arrangements in 
our own area. At Langley we get water supplied by the Air Force ag 
part of the regular Air Force system. Fire protection is provided 
on a cooperative basis whereby the Air Force and ourselves contribute 
to the costs of the firefighting apparatus and the management of it on 
a basis which is sort of prorated with respect to the relative amounts 
of installation. 

The Air Force serves very much, as far as we are concerned, in the 
same way as a city government serves an industrial establishment 
located in a city. It provides essentially the same services to us. 

Mr. Cuenoweru. Are you expanding your facilities at Langley all 
the time? 

Mr. Azsporr. The facilities at Langley have been expanded a great 
deal over the years. 

Mr. Cuenowertu. I was there about 6 years ago and, as I recall, you 
didn’t take too much space at that time. 

Mr. Assorr. I think there has been no increase in area since that 
time. There has been some additional building construction. We de 
not at this time visualize any further increase in space at that location, 

The mission of Langley is research in the general fields of aero- 
dynamics but more especially these days in the areas of structures and 
of environmental problems relating to materials and structures of the 
vehicles of the future, both aeronautical and space vehicles, 

The mission of the Ames Research Center, which is about half 
the size of Langley, is aerodynamic research. They concentrate at 
Ames on very high —_ aerodynamic research, on stability con- 
trol and handling problems of both aeronautical and space vehicles. 

At the Lewis Research Center, which is located on land which we 
own at Cleveland, Ohio, adjacent to the Cleveland Airport, the mis- 
sion is research on propulsion and power generation. We do have 
a fairly clear-cut distinction between the missions of these three re- 
search centers, although there is some planned overlap between the 
missions of Langley and Ames Research Faia 

Mr. Osmers. Mr. Chairman, I have one other question that seems 
pertinent. 

While you have been speaking, Mr. Abbott, I have been going 
through the booklet here which gives the details of the improvements 
and the equipment that is to be installed in these various places. 

Am I correct in assuming that many of the machines, many of the 
facilities, and much of the test equipment here has never been built 
before? It does not now exist? It will be built especially for NASA 
for use at these locations? 
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_ Apsorr. This is exactly correct. The typical case is that this 
oe is built for the first time by NACA or now by N ASA. We 
have pioneered in the research areas in extending the capabilities of 
the laboratory equ., ment that is available-—typically in the old days 
wind tunnels—to higher speeds and higher temperatures and larger 
sizes that were needed to get the data that are required. In doing this 
we have continually been forced to push forward into new engineer- 
ing problems which have not previously been encountered. 

Mr. Osmers. This leads inevitably, of course, to the question of 
how do you determine the cost of a piece of equipment that has never 
been built before. I realize there must be an element of projection 
in it. It says specialized instruments, $35,000. I am sure that be- 
cause of the description, “specialized instruments,” that they are in- 
struments you hope to develop. How do you come up with a figure, 
not for that particular item, but for any of them ? Pw 

Mr. Azssorr. In general, the first thing to determine is the possi- 
bility of constructing the equipment at all. There are, of course, 
many types of research equipment which we would like to have which 
is simply beyond our capabilities, or anybody’s capabilities, to de- 
sign and construct atany giventime. 

We are continual!v in our laboratories pushing forward into this 
frontier by small-scale experiments, theoretical calculations, and this 
sort of thing. If it begins to look as though something is becoming 
possible, we conduct small-scale experiment on pilot models to deter- 
mine whether our coucept is really within the realm of possibility 

r not. 

: We also have at our research centers very small but very experienced 
engineering groups who work on this sort of thing all the time. Our 
research people and these small engineering groups then get together, 
break down the concept of what is wanted into the various pieces and 
methods of construction that would be used to get it, and then our 
engineering people make estimates on these. 

pen a say that the accuracy of these estimates depends mostly 
upon the experience of these people in doing this many times before, 
and the net result has been extraordinarily good, I believe, in the past. 
We are very proud of our record in this respect, of always producing 
for the money that is available, a complete, usable _ of equipment. 

I will say that the final end product has not always been exactly 
what we said it would be at the time we made the request, but it has 
always been very close to that. 

Mr, Muer. On page 314 of the book, speaking of Langley, you 
start out with a helium heating system and pebble heater, $434,000. 
You break that down into the peating system and the pebble heater, 
oe yn You haven’t been using anything along this line very long; 

ave you 

Mr. Azgorr. We have had some experience with helium systems. 


There is one small helium system in operation at Langley, a small wind 
tunnel, and one which is——~ 


Mr. Mintzer. I think you have one at Ames. 


Mr. Assorr. Approaching completion or completed now at the Ames 
Laboratory. 


Mr. Miter. I think I saw it when I was out there. 
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Mr. Assorr. We have also been using these pebble bed heaters 
extensively. In fact, we pioneered in this work. 

Mr. Miter. If I am not mistaken, just for the sake of my colleagueg 
guidance, you have a number of 8-inch guns all welded together that 
you use to get very high pressure—— 

Mr. Aspott. We have used that technique. 

Mr. Mixter. And you release this hot helium. This is heated to 
~- a greater pressure to get through this tunnel so that you cap 

rive it through there for a short time at a much greater velocity than 
you could possibly do with pumps, isn’t that right ¢ 

Mr. Assorr. That is correct, sir. 

Mr. Miter. You have to get this thing up to sometimes many machs 
and there is a limit when using ordinary pumps, rotary air pumps, to 
get. compression ; isn’t that correct ? 

Mr. Assorr. Yes. The helium or air has to be compressed, but it 
also has to be heated. It has to be heated for several reasons. Heat- 
ing the gas increases the speed of sound in the gas itself. Conse. 
quently, it will flow at a higher rate of speed for a given ratio to the 
speed of sound. 

Heating the gas is also needed in some cases for environmental 
testing where you actually need to impose the heat on the model, 
Heating the gas also is necessary because as the gas expands in flowing 
through the apparatus it is cooled and air would actually liquefy before 
it went to the speeds which we are trying to reach today, unless it was 
heated very highly. 

Mr. Miuier. Down at Langley don’t you have really washed air, 
cleaned air under high compression ? 

Mr. Asporr. Yes, sir. 

I believe your are referring to the gas supply in the gasdynamics 
laboratory which would be used with this first piece of equipment that 

ou mentioned. That air supply is stored at 1,800 pounds per square 
inch which is a rather high pressure. For this particular facility, 
we will boost that to 15,000 pounds per square inch, which is an 
extremely high pressure. 

Returning to Mr. Osmers’ question, I think the breakdown of costs 
by which these estimates are made, this was mentioned by the chairman 
with reference to pages 314 and 315. 

Here is a new piece of equipment and nothing like it has been built 
before. We do not have at this time a detailed design of this equip- 
ment, and we will not start a detailed design until after this request 
is approved by the Congress. However, for more than 2 years now we 
have been working on approximate design of this piece of equipment 
with a very small group, but a very skilled group. 

The result is that you will notice that the total sum of nearly $8 
million is broken down into a great many elements of which the helium 
heating system for $311,000 is one, pebble heater and ceramics for 
$323,000 is another. 

I think on each of these items we have a very good idea that this is 
just about the costs for which this particular piece of equipment can 
be obtained. In many eases, alieeidy at this time, our design people 
have entered into discussions with industry with regard to the poss 
bilities of building the particular pieces of equipment and to get from 
them as well as from ourselves estimates as to the cost. 
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These estimates from industry are not binding estimates at this time. 

Mr. Osmers. Did I understand you correctly to say that for the 
most part these figures had been reviewed with industry, to check 
them out as to the cost ? 

Mr. Asporr. I don’t think I would be that positive about it, sir, 
but I would say that in any cases where there were serious doubts in 
our mind, we would discuss these items with people in industry to 
find out whether these were things that really could be built and about 
how much it would cost. 

Mr. Miter. That is the second group, the $1,236,000. Those are 

retty standard. You know pretty well what those are. 

Mr. Assorr. In heaters and ceramics, yes, we have a number of 
them now. 

Mr. Mister. I mean the electrical equipment and power systems. 

Mr. Anzorr. These are very standard items. 

Mr. Miter. Those have been pretty well checked out and this is a 

retty firm estimate that you have. 

Mr. Yes, sir. 

Mr. Minter. The $434,000—no one can definitely tell us too much 
about that because it is pioneering and we have to accept that. 

Mr. Aspotr. The $434,000, we would have the best information on 
that ourselves. On electrical equipment and power systems, these are 
more or less standard items and on which there is good costing 
procedures. 

As far as equipment foundations, building and utility revisions are 
concerned, these are more or less standard items on which past experi- 
ence can be used. Things like settling chambers represent heavy 
steel construction. Again these are items that can be estimated fairly 
well from the nature of the construction, the type of steel and the 
overall weight. 

Mr. Mixer. They are items peculiar to NASA or peculiar to in- 
vestigational work of this nature rather than standard items? 

Mr. Anporr. Yes, sir. These are not standard items, but they are 
items that can be built by standard methods of steel fabrication. 

Mr. Mixuer. The pressure, vacuum, helium and air piping, on page 
315, and the cooling system, the air, helium, and vacuum storage, 
those, of course, are the ones that we pretty well have to estimate. 

Mr. Ansorr. These vary. Pressure and vacuum systems are things 
that can be estimated extremely well from other experience, both our 
own and experience of people such as the oil industry who use large 
vessels of this sort. 

Even these new pieces of equipment do break down into items on 
which there is a lot of industrial experience on which we can rely. 

_ Mr. Muitrr. So then this total of $7,957,000 as one of the first 
Items at Langley—do you have any question about that? 

Mr. Osmers. The question I have is not concerning the equipment 
at Langley specifically, Mr. Chairman. This equipment and the 
work provided for under this appropriation would be, I assume, done 
toa large degree by private contractors ¢ 

Mr. Asnorr. Yes, sir. 

Mr. Osmers. In the cases where it is not practical or possible to give 
exact designs and so on, I assume that the contracts there would have 
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to be of a negotiated basis, is that correct? Or how would 
about that? 

Mr. Anport. This varies. We try to use competitive bids, wherever 
possible, and this is possible most of the time. In addition to oy 
small engineering units, which can do preliminary design, we hire on 
contract engineering and architectural services from industry to com: 
plete designs for us and to provide detailed designs where this is ap. 
propriate. 

a other cases, it is possible to enter into contracts on—what is the 
wor 

Mr. Osmers. Cost-plus? 

Mr. Ansorr. No, a performance basis, with somebody who does both 
the detail design and construction of the item from the prelimina 
design work. But wherever possible, and it is possible most of the 
time, we go into competitive bidding. Where this is not possible, we 
use what is called competitive negotiations. 

Mr. Osmers. One other question, Mr. Chairman, which does not 
have to do with Langley specifically. 

There has been a great deal of continuing comment and criticism 
about the Nation’s space program and whether it is behind where it 
should be and so on. 

Since NASA is a very new agency, relatively, in the Government, 
could you just tell us in a few words how, at the top of the agency, do 
you pull together your need for facilities and your program and proj- 
ects so that the part that we are discussing here today, the construc- 
tion and equipment portion of your appropriation, how that is deter- 
mined to be sufficient to complement the whole figure that is being 
proposed ? 

Mr. Asporr. Yes, sir. As you are undoubtedly aware, the budg- 
etary process takes just about 1 year. We are now working on the 
1962 budget. 

The general guidelines are issued by the Administrator for the 
preparation of a new budget, giving in broad general rules the gen- 
eral nature of the program which should be undertaken for the com- 
ing year. 

Mr. Osmers. In dollars or in terms of accomplishment? 

Mr. Azporr. I have never seen any specific dollars attached. It 
is mostly in terms of accomplishment, where this is possible. There 
are some cases where a level of effort has to be set because in research, 
for instance, one almost has to set a level of effort of activity. 

These general guidelines are interpreted by the directors of the 
main line offices, of which there are two here today, General Os- 
trander and myself, to their people, and preliminary estimates are 
obtained from the field stations. 

These estimates are discussed, both with the field stations and 
between ourselves, and with the Administrator, and his immediate 
assistants. This process gradually leads to something like a budget: 
At this point the Administrator feat year, and I have every reason 
to believe he will do the same this year, appointed a committee to 
advise him on this budget. It was composed of people throughout 
the organization with expert knowledge in various fields to examine 
the whole budget. In addition to the examination given by the line 
people, and to research for areas of overlap, holes where things were 
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not covered that needed to be done to carry out the general program 
and this sort of thing. : 

Finally, this all comes together in a budget for his approval. 

In the case of research equipment, the seanery responsibility for 
saying what new equipment will be needed to meet the problems 
which we see we are going to have to face in the coming years rests 
with the research people. 

Mr. Osmers. Mr. Chairman, just one final question. 

_ I notice that on page 315 the total estimated completion time 
of the nearly $8 million in construction and equipment there is esti- 
mated at 36 months. 

In view of the generally held need for speed in advancing this 
program, is that in your judgment the shortest time that that program 
could be completed ? 

Mr. Anporr. Yes, sir. In fact, I think most people would say this 
is a very optimistic estimate. However, we expect to meet it. 

One must remember that this is a brandnew piece of equipment 
which goes well beyond the present technology in many respects. 
This means that great difficulties will be encountered in the detailed 
design and fabrication of some of these parts. It also has in it long 
leadtime items, such as some of the electrical equipment where the 
leadtime is much in excess of a year, as a rule. 

Miter. The contractors can’t furnish them to you under that 
time 

Mr. Aszorr. No, sir. Before they can start, we have to determine 
in detail what is wanted and then this long leadtime equipment has 
to be finally installed in the project. This represents, I think, a very 

ood estimate as to the time it will require to do this on an urgent 

asis. 

Mr. Muze. Then if there is no objection, we will approve that 
$7,957,000. 

Mr. Osmers. No objection. 

Mr. Mixer. Will you go to the next item which is also there at 
Langley, the dynamics research laboratory. This is also a new piece 
of equipment that is designed to do a lot of experimental work ? 

Mr. Aszorr. Yes, sir. The purpose of this equipment is to pro- 
vide us facilities for studying the very critical problems of vibration, 
orientation, and dynamics of space vehicles. It will permit us to 
study both separately and in combination the effects of noise, vibra- 
tion, acceleration, heat, vacuum, and this sort of thing on pieces of 
equipment which are not necessarily small but can also be rather 
large, approaching, if not being, full size for space vehicles that we 
foresee for the near future. 

Mr. Mitier. This is where you try to put them through the run 
that they will get in space? 

Mr. Assorr. Undoubtedly this equipment will be used to some ex- 
tent for that purpose, but the primary purpose of the equipment is to 
do research on these problems so that the final equipment will have 
fewer problems of this sort after it is built. 

The present dynamic equipment at Langley is about 20 years old 
now. It was designed for dynamic problems on airplanes, including 
such things as wing flutter, propeller work and this sort of thing. It 
1s completely inadequate for the type of work that we are doing now. 


go 
ur 
on 
m- 
he 
th 
ry 
he 
We 
ot 
m 
it 
nt, 
do 
ng 
he 
he 
m- 
It 
re 
sh, 
he 
)s- 
re 
nd 
ate 
et. 
on 
to 
ut 
ne 
ne 
are 


36 1961 NASA AUTHORIZATION 


Mr. Mitier. When you get into mach speeds, it is a little different 
than when you talked about 200 or 300 miles an hour. 

Mr. Axssorr. Yes, sir. The primary purpose of this equipment is to 
study the problems that will be encountered in space itself. The mogt 
essential features of the equipment are the two very large vacuum 
chambers; one a 60-foot sphere and another one a cylinder 60 fegt 
high in which the equipment can be placed, both the test equipment 
and the items to be ceatel 

Mr. Osmers. You will attempt to simulate conditions as they will be 
found in space ¢ 

Mr. Axssorr. As well as we can do so on the ground. We fee 
problems of this type are growing in importance all the time, 

Mr. Mutter. Incidentally, Mr. Ducander, feel free to come in. Do 
you have anything on the previous item. 

Mr. Ducanner. No, sir. 

There is $519,000 for a new building? 

Mr. Aszorr. That is correct. 

Mr. Ducanver. There is presently a laboratory there. This will 
be modernization of the building ? 

Mr. Asporr. No; this will be a new building. 

Mr. Miter. If you look at the chart, I think you can see it. 

Mr. Assorr. I can see your problem and this bothered me a | 
deal too in setting up the budget. We have a laboratory at Langley. 
We are not anticipating any increase of manpower at this time. This 
raises very serious questions as to why we should be building new build. 
ings as such. 

The situation at Langley is that we are very badly overcrowded in 
many <j The Mercury project is down there, and the total 
amount of manpower at the laboratory has been increased as a result 
of this; that is, we have accommodated the Mercury group there. Also 
the existing dynamics research laboratory does not have any office 
space. It is just an open building which has now been converted for 
use to other purposes, and is really not used as a dynamics research 
laboratory anymore because it has become completely outdated. 

Mr. Ducanper. There is no other space in any of the research centers 
that could accommodate this new equipment ? 

Mr. Axprott. No, sir. We have examined that in detail on these — 
projects and requests for new buildings have been reduced greatly. 

Mr. Miter. That takes care of the $11,957,000 for Langley, and 
without objection it will be approved. 

The next item is at the Ames Research Laboratory, page 333. Itis — 
$980,000. Page 323 gives you the breakdown. This is a computer. | 
A computer is one of the essentials in the $390,000 that they need out 
there very badly. 

Mr. Apport. Yes; they do. This centrifuge equipment that we 
have out there is an absolutely minimum equipment which was put 
together with scrounged surplus electrical drive equipment. We use 
the computer equipment which is already at the laboratory for other 
purposes and which, of course, cannot be used for other purposes when 
it is being used for this work. What we have here is a request for 
$980,000 to fix this centrifuge up in a manner—bring it up to a mini- 
mum standard of usefulness. T don't mean to imply it is not useftl 
at the moment, because it is, but we are running on a shoestring. 
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Mr. Osmers. Mr. Chairman, the statement that Mr. Abbott just 
made about bringing it up to a minimum standard might be subject to 
a bit of explanation. Is it possible or desirable to bring it up to a 
little bit above the minimum standard at this time? That has been 
pothering a lot of people in the country—the fact that we have been 
hovering at the minimum standard. 

Mr. Assorr. This is something which I have been struggling with 
my conscience about for some time now with regard to this equipment. 
I Siete this is the right course of action, sir. This whole question 
of centrifuge equipment in this country is a rather broad one. 

As I think you know, there is a large centrifuge up at Johnsville 
which is a very fine piece of equipment for the purpose for which it is 
built and I might mention it is a very expensive piece of equipment. 

It is not completely suitable for the type of work which we wish to 
do, which is different from the mission for which that centrifuge was 
constructed. 

There has also been some consideration of other large centrifuges 
by either the military services or the NASA. I think there is some 
real uncertainty at the moment as to what type of centrifuge equip- 
ment should be constructed and where it should be built. 

We have a minimum useful facility now at the Ames Laboratory. 
By putting approximately another million dollars into it, which will 
bring the total cost of the equipment to approximately $2 million, I 
am confident myself that in the next few years we can take the cream 
off the research problems for this type of a centrifuge and can do it 
before we could get a more elaborate piece of equipment built because 
such a piece of equipment would cost somewhere in the neighborhood 
of $10 to $20 million. It would require a design and construction time 
so long that I feel that we can get most of the cream off the research 
problems by the time we could get such a piece of equipment. 

Now, if the research results obtained from this piece of equipment 
indicate that more elaborate equipment is needed in the future, why 
then I believe that is the time to go after the more expensive piece of 
equipment. 

I do not believe that we either should spend such a large amount of 
money right now or that we should wait while it is being spent in order 
to get the essential research information we need quickly. 

This is why I recommend going ahead on this basis. We can do a 
great deal of work on this piece of equipment. 

Mr. Mitier. Without objection, we will approve the $980,000 at 
Ames and go on to the Lewis Center. 

The first item is on page 328, 

Mr. Apsorr. The energy conversion laboratory. We are running 
into very real research problems in connection with the broad term 
“energy conversion.” What we are thinking of here is the multitude 
of problems which have to do with converting energy from one form 
to another. 

Applicationwise, we are thinking primarily of such things as 
powerplants for space vehicles. We need an integrated laboratory 
where this work can be done, including studies of such things as con- 
version of radiant energy to other forms, including electrical energy, 
the conversion of heat to mechanical and electrical energy, and to 
radiant energy; and, in particular, to study certain problems relating 
to the many Hosa) and mechanical conversion systems. 
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You will notice such items as a liquid metal pump facility, a liquiq 
metal facility and this sort of thing in order to study the problems 
that are associated with boilers, pumps, turbines, and condense 
using the types of fluids that will have to be used in these space power. 
plants, which, in general, will not be steam as is customary here on 
earth. 

In many cases these fluids may be liquid metals with all the special 
problems associated with them. We think this is a very important 
item. 

Mr. Mixirr. With the exception of the building and site preparg. 
tion, you are again pioneering in the field, aren’t you, by $3,850,000? 

Mr. Asporr. We are; yes, sir. 

— the building is necessary because there are no suitable quar. 
ters for setting up this equipment at the Lewis Laboratory or, for that 
matter, at our other laboratories. 

Much of the equipment at the Lewis Laboratory was centered orig- 
inally around test cells and this sort of thing in connection with 
aeronautical engines. This room is now being used in connection with 
certain test setups for study of the new problems. 

Mr. Miter. How big is this building going to be? A 2-story 
building? 

Mr. Axnsorr. Two-story and basement. It will be approximately 
200 feet by 50 feet. 

Mr. Miter. Do you have any questions? 

Mr. Osmers. No. Again, Mr. Chairman, I remark this is a pro- 
gram, .nd I can understand why it would take time—it will take over 
2 years, 27 months, and I realize even that may be an optimistic 
estimate. 

I believe it is worth noting in the record that when you go into 
programs, such as energy conversion, that are largely new fields, it 
does take time to develop the facilities to test the equipment and to 
find out the answers to important questions. 

Mr. Asporr. Yes, sir; it does. 

Mr. Mixxer. Well, without objection we will approve the $5,050,000, 

The next one is the basic research laboratory. This is more building, 

Mr. Apport. This is the basic materials research laboratory, whic 
we feel we need very badly to extend our research on basic problems 
of materials. There is, of course, a great deal of basic research on 
materials going on in this country, both in industry and sponsored by 
various Government agencies. 

However, we find that even basic research on materials is in- 
fluenced by the final applications that people have in mind. Conse- 

uently, materials for space applications do not necessarily receive 
the attention that they should receive unless other applications are 
also apparent for them. 

Our total effort on this basic materials work will remain small, “— 
small compared with the total effort in the country. All we wi 
attempt to do is specialized work that is not otherwise—— 

Mr. Mixxer. Isn’t a great deal of this work done at laboratories 
throughout the country, industrial laboratories and universities and by 
the metals companies and others ? 

Mr. Axssorr. Yes, sir. There is a great deal of work on materials 
being done in this country and the amount of it is increasing. 
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Much of it is supported by industry, such as the metals industry, a 
very considerable amount of it; much more than we are supporting is 
being supported by the Department of Defense and the milita 
services. Consequently, we feel that our role in this basic materia 
work should be only to pick up those problems, and more particular] 
those materials, which will be needed for space applications, but whic 
do not appear to have other possibilities for applications, and conse- 
quently are not being worked upon by other people. 

Mr. Miiier. Haven’t such institutions as the Bureau of Standards 
equipment and the know-how for doing this work? Couldn’t it be 
contracted with the Bureau of Standards without spending money? 
Here you are spending $4 million, a quarter of it for a building. 
Doesn't the Bureau of Standards have some competency ? 

Mr. Assorr. Yes; they have a considerable amount of competency 
in this field. We do support work at the Bureau of Standards by 
transfer of funds. However, the Bureau of Standards is not set up 
to do work of the magnitude which would be done here. If we wish to 
have this work done by transfer of funds with the Bureau of Standards 
either the Department of Commerce or ourselves would have to supply 
them with comparable equipment. 

Mr. Mutter. I appreciate that, Mr. Abbott, but it strikes me in 
many of these fields, if we were to go into them thoroughly, that we 
might find work of this nature being done also in the Department 
of Defense. You are setting money up to do it in NASA. e Gov- 
ernment might be able to save if it turned over to an agency like the 
Bureau of Standards the research and development in certain of 
these fields so that other agencies of Government could then request 
that special work be accomplished. 

Certainly part of the work that you are going to do here will find 
its application perhaps in certain ous that the Air Force wants to 
do. Of course, in effect that is what you are, a research agency— 
youstill carry on the old functions of NACA? 

Mr. Azsorr. Yes, sir. I think this is properly one of those func- 
tions. 

One of the problems in research is this use of single words to classify 
areas of research. Materials research is one of these cases. There is 
a great deal of effort going on in this country, as I have said, in ma- 
terials research. This effort is, however, very well coordinated both 
informally and by formal means, by interdepartmental groups who 
examine this materials research and decide who should do what in 
which areas, and who keep each other thoroughly informed on what 
is going on. 

We ourselves have a materials advisory committee which has people 
on it from other governmental agencies, from universities and indus- 
try. There is not, I believe, any real duplication of effort in this 
field. The thing that has caused the recent upsurge of interest in 
materials is that most of the basic materials research which is going 
on in the country is not too well adapted to modern problems. We 
are running into areas of new materials, new environments in space 
and other particular applications. The Atomic Energy Commission 
has special problems which are not common to industry, in which in- 
dustry cannot see any way of really making any profit out of these 
things. Now, I think there are going to be some surprises in this. 
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This is typical of research. One discovers things and they become 
applicable in areas that you never dream of. 

t does seem to me that having the responsibility for space explora. 
tion, NASA has the responsibility to pick up a small part—and jt 
would be a very small part of the total materials research of the 
country—that is peculiar to our own business and see to it that it jg 
done one way or another. I grant you it can be done either in-ho 
in our own research centers, or by building up the Bureau of Stand. 
= or somebody else. I think it would cost the same however it jg 

one. 

Mr. Miter. The Bureau of Standards has outgrown its present 
location. We now have a new location for them. We are going to 
start relocating them out there. They have done a lot of work in this 
field. You have contracted a lot of work with them. I know the Air 
Force has. 

When they get out there, they will have the only device for measur. 
ing large thrusts, I guess you would call it, will they not? You will 
have to go back to them pretty much. Don’t they have the best 
machine—— 

Mr. Asporr. Large thrust ? 

Mr. Miter. For bringing under pressures, 100,000 pounds? 

Mr. Assorr. They have much special equipment. 

Mr. Mitter. It is about the biggest in the country and this is the 
thing that you have to measure your other thrusts with. 

Mr. Apsporr. I quite agree that it could be done that way. I do not 
believe this would be the best and most efficient way to do it. 

Mr. Mutter. Certainly at this time with the element of time as you 
put into it, the Bureau of Standards couldn’t undertake this at its 
present location and by the time it gets its new location underway to 
do the job, we hope we will be out of the woods. 

Mr. Ducanper. In line with your questions, I happened to run across 
this item for JPL back here, for materials research. Do you havea 
material research laboratory at JPL? 

Mr. Assortr. A very small activity at JPL. 

Mr. Ducanper. That couldn’t handle this item that we have been 
talking about ? 

Mr. Assorrt. No, sir. Again, I think that any plant or any labora- 
tory such as JPL, which is not primarily a research laboratory but is 
primarily concerned with the development of vehicles, has to have 
some materials work going on because they are running into materials 
problems all the time. They can, of course, and will take most of 
these problems to other people. But, neverthless, they cannot, I be- 
lieve, be deprived of all hon wuhow in materials, and still be expected 
to go ahead efficiently with the rest of their mission. 

Materials are basic to everything. You have to have some mate 
rials people around. If you have materials people around, they stay 
materials people only if they work on that subject. 

Mr. Ducanper. There is a research laboratory at JPL? 

Mr. Asporr. Yes. It is not as large as the work going on at Lewis 
which this would expand materially. There is some materials work 
going on almost everywhere. 
~ General Osrranver. This is true also in my area at Huntsville 
where we will be doing the booster work. We have to have materials 
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Je who are familiar with the types of materials we can use in our 
vehicles, but they are doing more of an application type of engineer- 
ing rather than basic research. 

Mr. Mier. Have you something in here for material research 

ville? 
We have nothing specifically for that. There 
is a building that includes—— Tos 

Mr. Miter. Yours is more the application ? 

General OstraNvER. Yes. 

Mr. Ansorr. This is research. 

Mr. Mitier. From this will you be in a position, for instance, to get 
information for Huntsville ? 

Mr. Assorr. Yes, sir. We will expect to support Huntsville and 
JPL and Goddard and the industry and military insofar as possible. 

Mr. Mituer. Do you have any other questions ? 

Without objection then we will approve that $4,050,000 and that 
takes care of Lewis. 

The next one is on page 335, the Goddard Space Flight Center. 

Mr. Anport. I would like to have Mr. Townsend speak to that. 

Mr. TownsEnvD. Mr. Chairman, Goddard is the newest center in 
NASA excluding Huntsville, which will come in July. 

Mr. Mitter. Where is Goddard located ? 

Mr. Townsenp. I was just going to tell you. It is near the inter- 
section of Glendale Highway and the Baltimore-Washington Park- 
way. It is physically next door and includes actual] the WWYV trans- 
mitter site. It is on property that belonged to the Beltsville Agricul- 
ural Station. We prefer to call it Greenbelt because that more ac- 
curately locates it geographically. , 

At the present time the Goddard Center has approximately 1,200 

ple on board. These people are split up in a number of different 
ocations and are housed cow hry § For example, the whole man- 
space project, Project Mercury, is at Langley. There is a large group 
located at the Naval Research Laboratory. Another group at the 
Naval Receiving Station, and finally a small group in Silver Spring. 
So we are in temporary quarters at the present time. 

We are hoping to move into our first two buildings, which were 
authorized and funds appropriated for them in the 1959 budget, some- 
time in the month of June or July. The first two will then be ready. 

Goddard’s mission is in several areas. We are undertaking scien- 
tific experimentation in space. This is basic research but it takes place 
in space itself. We are conducting technological experiments such as 
the so-called application satellites, the meteorological satellite, the 
communication satellite, and the geodetic satellite. 

As part of it—one of the fundamental projects Goddard is con- 
ducting is the Mercury project. We are also responsible for opera- 
tion of the Minitrack tracking network and for data acquisition from 
earth satellites. 

Basically Goddard’s role is in connection with sounding rocket 
and satellite research which distinguishes it from the other centers. 

Goddard was formed actually by taking rather large groups from 
the NACA and from the Navy and from the Army. Project Vanguard 
if you recall, was transferred by the President to become a part of 
Goddard at the start. 
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Another rather large group transferred from NRL. People from 
the Signal Corps transferred into Goddard. In other words, it was 
started quickly through bringing in already established groups with 
competencies and with their organizational setups. 

e two items that we have sone this year are additions to our 
Greenbelt facility, one of which is a payload testing facility and the 
other is a satellite systems laboratory. That is the introductory part, 

Mr. Osmer. I have gone over the material in the ring binder a 
It is a very difficult thing. Aside from asking general questions, it is 
a very difficult thing without an intimate knowledge of these proposed 
facilities and also facilities that other branches of Government might 
have. It is a difficult thing to question either the adequacy or the 
inadequacy or the cost of any of these matters. 

I am assuming, having read the backup descriptions in the booklet 
that has been provided here, it is easy to see that these facilities are 
needed. It takes a measure of coguk mee on our part that the 
— and the amounts of money asked for will in fact provide 

em. 

I have no detailed questions. 

Mr. Mutter. Mr. Quigley. 

Mr. Quieter. Do I Buloretend correctly that the Goddard Space 
Center at Greenbelt is going to be more or less general headquarters 
for NASA, to coordinate general information from your various and 
sundry other installations? 

Mr. Townsenn. That is not quite correct. Goddard will assist 
headquarters in the implementation of the national program, in par- 
ticular, in the area of sounding rocket and satellite research, 

We will do research ourselves, but we will also assist by providin 
personnel to monitor contracts, personnel to coordinate the efforts o 
the various contractors and in the field operations and personnel in 
support of such things as tracking and data recovery from satellites, 

ou might say we have a twofold mission; one, to do a certain 
amount of research ourselves that is not being done elsewhere, and 
secondly, to assist in the gathering together of a broad program that 
is generated and formulated by the NASA headquarters here in 
Washington. 

Mr. Quicxiry. It is not contemplated that the NASA headquarters 
would be centered at Greenbelt ? 

Mr. Apporr. No, sir. 

General Ostranver. I think I might be able to help here if I 
described the overall relationships within our space program per se 
as opposed to the research portion of NASA. There are essentially 
three centers involved in the space program itself. Goddard, as Mr. 
Townsend says, handles the satellite work, the sounding rocket work; 
JPL will handle the lunar work and deep space work; the center that 
reports to me, Huntsville, Dr. von Braun’s group, will build the boost- 
ga launch vehicles to launch the payloads for both Goddard and 

Mr. Quictry. I had the impression when we discussed the ree 
priation for the Greenbelt installations last year that ultimately I 
visualized out at Greenbelt a NASA headquarters somewhat similar 
to the one that we have up on Route 240 for AEC. 
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Mr. Azsort. I think I know the source of your confusion, sir. The 
intention is to make Goddard the center for data acquisition. 

Mr. Quictry. This strikes a note in my memory. 

Mr. Townsend. Command and control center. 

Mr. Assorr. Yes; and for data acquisition from space vehicles, the 
center of the nets which in some cases are worldwide, of course. But 
this is quite a different matter from being NASA headquarters. It 
will be a data center. 

Mr. Mutter. There is nothing here—I notice centrifuges to dupli- 
cate the other things that you are doing at Langley. 

Mr. Aspott. No, sir. 

Mr. Townsend. Maybe I could speak briefly on these two facili- 
ties. The distinguishing point here, I think, is that these two facili- 
ties, both of them, will work with the actual satellites that we intend 
to fly. The facilities described earlier are for basic research on satel- 
lite systems, things that are applicable to a large number of projects. 
These particular facilities, though, will do work on the actual hard- 
ware that we put in space. 

They are part of an integrated attack on the problem. ere! 
the order is wrong here in the book in the sense that we should really 
consider the satellite systems laboratory first and then the testing 
which follows the assembly. 

We need this satellite systems laboratory to put together what we 
call our second-generation satellites, our very large and complicated 
systems such as the Nimbus meteorological satellite, the orbiting astro- 
nomical observatory, and the orbiting geophysical laboratory. These 
objects are rather large in size, 10 to 20 feet, possibly, after they unfold, 
and 7 weigh up to several thousand pounds. They are very com- 

licated. 

We will not build these at Greenbelt. Actually, they will be built 
primarily by private industry, a piece here, a piece there, a piece else- 
where, wherever the best competence and capability is. 

Many of the experiments, for example, will come from colleges and 
universities. We will take these pieces and put them together in this 
facility and check the satellite as an entire system. After we are 
through assembling it and running our ral taal tests on it to 
be sure that it is going to work, we will put it in a testing facility and 
actually expose it to the best possible simulation of the environment 
we expect. 

We will shake it to duplicate the vibration in the launching phase. 
We will subject it to exposure for a long period of time in high vac- 
uum while the object is being heated =e cooled, as it will when it 
rotates around the earth. 

We will simulate other environmental hazards. Incidentally, we 
will actually build both what we call prototypes and flight articles. 
The prototypes we will treat very roughly, giving them essentially 
worse treatment than we expect to make sure we are on the safe side. 

The actual payloads will be tested to the levels we expect. We can 
show by statistics that if we go through with this procedure with a 
relatively small number, we can have a reasonable confidence these 
things will work in space. I think there is nothing more tragic than 
a successful launching and an unsuccessful object in orbit. We can’t 
really afford to build enough satellites; that is, 10 of each type or 100 
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of each type to really have the confidence that you get when you tur 
on your radio at home. This is produced in very large quantities 
We can’t do this. The only way we can establish this level of conf. 
dence is to test these things very thoroughly and this facility wil] do 
this job. 

Mr. Quictey. How many acres do you have at Beltsville? 

Mr. Townsenpv. We will have to get you the exact answer for the 
record. It ison the order of 500, I believe. 

(The information requested is as follows :) 


NASA has 553 acres of land at Goddard. 


Mr. Quictey. How many acres did you inherit at Langley ? 

Mr. Assorr. Actually we own a small piece of land at Langley. The 
rest of the land at Langley is occupied on the basis of an agreement 
with the Air Force. The amount of land occupied I would have to 
supply for the record. But it is substantially more than 500 acres, I 

ieve. 

(The information requested is as follows :) 

NASA owns 430 acres, and has an additional 353 acres on permit from the Air 
Force, for a total of 783 acres. 

Mr. TownseEnp. If you will notice, there is a plot plan for the entire 
Goddard center on page 343 of the justification document. 

You see, we have kind of built it in the center. A lot of that land 
we need for protection. Essentially we are very worried about radio 
interference and problems like this and some of these facilities are 
special in that regard. It isa matter not only of enough land to locate 
the buildings on, but making sure that something isn’t put in next 
door to you that makes life very difficult. These complicated elec- 
tronic systems are subject to interference. 

Mr. Miter. I noticed in one of the descriptions of your buildings 
here, the first building, you provided fallout shelters. 

Mr. Townsenp. Yes, sir, that came up last year, if you recall. You 
asked me the same question. 

There is a regulation which prescribes fallout shelters in new Fed- 
eral buildings. This is nothing fancy. A part of the building in the 
basement is set aside for this purpose. It meets certain minimum 
standards for safety and we won’t use it for other purposes. 

Mr. Miutrr. Do all the buildings have fallout shelters ? 

Mr. Townsenp. Every one at Goddard has. 

Mr. Mittrr. How about Langley ? 

Mr. Aspotr. This is a general governmentwide regulation. All new 
buildings must have them except when they are excepted for one reason 
or another. The existing buildings at the research centers, being old, 
do not havethem. I forget about the ones in this budget. I don’t think 
the shelters are spelled out in the descriptions. They either have them 
or don’t have them, depending on whether or not exceptions were ob- 
tained from the regulations. This depends on the type of building and 
its purpose. 

Mr. Mitter. Can we assume unless there is an exception that they 
pertain to all new buildings contained in here ? 

Mr. Assorr. Yes; all have to have fallout shelters unless an excep- 
tion is obtained. Sometimes I think you will find it put in the cost 
breakdown and sometimes you won't. 
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Mr. Muuer. Are there any other questions on this building, 

$4,636,000% Itisonpaged41. 
hen we will go to the utility installation for $1,309,000. These are 
allstandard buildings? 

Mr. TowNSEND. Yes, sir. 

Mr. Mutter. Power and water—— val 

Mr. TownseEnp. In last year’s budget authorization we asked for the 
heating plant and funds were appropriated for it. It is in architect- 
engineering services now and we expect it under construction in a few 
months. This simply provides for the additional heating equipment 
that goes into the plant to provide for these new buildings. We had 
allowed for expansion in the future and it is a matter of getting the 
bigger boilers and things that are necessary as we go along. 

r. Mutter. Any questions ? 

Wecome to Wallops Island then, $4 million. 

The first item is site preparation, buildings, precision interferom- 
eter, including transmission system, range rate, subsystem and two 
angular rate substations. ‘The site preparation and buildings are styl- 
ized, I believe. 

Major Hammonp. Yes. 

Mr. Asporr. Major Hammond will speak to this. 

Major Hammonp. Perhaps a word or two about the Wallops sta- 
tion, Mr. Chairman. 

Wallops has been in operation since about 1945 and since that time 
they have a rather remarkable record of launching some 3,000 sounding 
vehicles from that station. Its mission, of course, is the support of the 
launching and the tracking, the derivation of the data from the various 
sounding vehicles, the upper air research rockets that Dr. Abbott 
spoke of. 

What type of rockets ? 

Major Hammonp. These are essentially all types. The current, the 
new one that will be coming up is the so-called Scout vehicle. It is 
a solid-propellant rocket. We have launched rather small vehicles, 
somewhere in the order of 5 inches in diameter up to six-stage vehicles. 

Mr. Mitier. How high do you send them? 

Major Hammonp. The normal definition of the sounding rocket as 
spacers to the space probe is 4,000 miles. It is, of course, a function 
of the vehicle that you are using. Take, for example, the Aerobee 
rocket that will be launched out of there soon, which has an oper- 
ational ceiling somewhere in the order of, I would say, between 100 
and 200 miles, depending on the payload and the type of model 
Aerobee it turns out to be. 

Mr. Mitter. These are the probes that you send into space, rockets 
that you send up to gain data? 

Major Hammonp. Yes, sir. Not only data relative to the prop- 
erties of the appar atmosphere but they also carry scale models to 
supplement wind-tunnel testing and so on. 

r. Minter. How often do you fire? 

Major Hammonp. I was going to mention that tonight we had 
scheduled the third large 100-foot spherical balloon that is inflated. 
It would be visible from the Washington area, of course, if one 
would look out at about 6:15 at about 20 degrees south of east. It 
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can be seen in the sky. It will not, however, be launched tonight 
because the weather would not be good for optical observations. 

We launch easily on the average of once a week if not more often, 
and we do support firings for the Department of Defense, in some 
cases the Air es Their special weapons people have launched 
some vehicles out of there very recently; the Javelin vehicle. 

Mr. Mitier. Do you have stations over which these pass down. 
range so that you can track them ? 

ajor Hammonp. With the vertical type probe, which the majorit 
of these are, the trajectory is characterized oy essentially an up-and- 
down type of motion. This means that it we so arrange our instru. 
ments essentially around the base from where the valiialy is launched, 
these quite adequately cover the mission. 

However, the downrange shots, for example, the Javelin vehicle 
that I mentioned a moment ago, would perhaps go a good deal further 
downrange, perhaps even into the Bermuda area. This is why, inci- 
dentally, in the construction of the Mercury network you will find that 
the Bermuda installation is the only permanent type station that we are 
putting in. This is because it can support the downrange shots from 
Wallops Island. 

Mr. Miter. Are we going to duplicate another Canaveral ? 

Major Hammonp. No, sir. The type of firings out of here are such 
that they, of course, could be done out of Canaveral, for example, 
But the type of research is applicable to the type of work that Langley, 
for example, does in aerodynamics. As I said, the work is with the 
sounding rockets, and with models to supplement the work that is 
done in aerodynamic research in the Langley tunnels. 

General OsrranpEr. Since Canaveral comes under my direction as 
far as NASA is concerned, I might speak to this. 

Generally speaking, at Canaveral the things that we launch are 
tremendously large, complicated, sophisticated, type of vehicles. They 
take a long preparation. They may be on the stand for months before 
you launch them. When you launch one of these, you tie up the 
complex of instrumentation and the whole cape. If we attempt to 
mix this type of very frequent, small, up-and-down rocket shots with 
these tremendously complicated and expensive shots, it would interfere 
with the work we are doing down there. The two don’t mix very well. 

I think it is economic in the long run to try to keep them separate. 

Mr. Asport. I think that Wallops Island compares to Canaveral in 
about the same way that one of those little vehicles that the mailman 
use in the suburbs to deliver mail from door to door compares with a 
10-ton truck. They are very nice little vehicles, beautiful pieces of 
equipment, but one would simply not use one for the job of the truck. 

Canaveral is too big and complicated to use for these very small 
shots. It would just complicate things down there no end, and 
Wallops is just not capable and will never become capable, of doing 
the work that is done at Canaveral. 

Major Hammonp. I think one further frame of reference to ease 
this problem is that the manning at Wallops is only about 250 people, 
you see, as opposed to I don’t know how many thousand on the cape. 

Mr. Axssort. This is about the same as for a typical down range 
station at the cape. 
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Mr. Mutter. You do use the Bermuda station? That is also used 
bythe cape; isn’t it? 

Major Hammonp. This is a new station that is being put in specifi- 
cally for Mercury. It is a very important station for the Mercury 
firing ; yes, Sir. 

Mr. Mutter. You will use it in connection with Wallops, too? 

Major Hammonp. It can be used. 

Mr. Quieter. Is Wallops Island a NASA installation ? 

Major Hammonp. Yes, sir. 

Mr. Quieter. Is it operated under contract or operated by NASA 

rsonnel ? 

Major Hammonv. NASA personnel. There are some minor con- 
tracts out there, such as the grounds and so on are maintained by—— 

Mr. Quicitey. You don’t have anything comparable to the Pan 
American contract ? ; 

Major Hammonp. No, sir. 

Mr. Mutter. This is an inhouse installation. 

Mr. Asport. It was originally an outpost of the Langley Laboratory 
and was started in the last days of the last war. The original purpose 
was to permit us to make aerodynamic tests in the transonic speed 
range. This went by the board as we went to higher speeds and the 
place has gradually grown into what it is today. 

Mr. Quictey. He said at Wallops they are fired straight up. If they 

come straight down, I think it would be hard on the equipment and 
rsonnel. 

ie. Miter. Yes, that is what I was thinking. 

Major Hammonp. Not quite straight up, Mr. Quigley. 

Mr. Mutter. I understand at White Sands they had to do a lot of 
calculating to make sure that the missiles did not leave the range as 
they might kill some cattle off range—— 

eneral OstranpDER. Major Hammond was the project officer out 
there at the time and he is very conscious of that. 

Mr. Minter. When I was a young man and in the service, we didn’t 
have all these things, but down at Fort Sill I think the only time we 
ever fired a gun off range we killed two cows. 

Mr. Hecuter. Will this help you to have less unknown satellites? 

Major Hammonp. I was afraid you would bring that up again, 
Mr. Hechler. I would like to add again that that unknown satellite 
belongs to the Department of Defense and not NASA. 

Mr. Miter. Any other questions on this $1,910,000? 

The next one is the Wallops Island operating computer center, 
$350,000, including the building modification and the air conditioning. 

Major Hammonp. This is a modification of a building, Mr. Chair- 
man. 

Mr. Mirrer. This is just an additional computer; isn’t it? 

Major Hammonp. Yes, sir. The computer itself will be a rental 
machine. The funds requested here are simply to make it an operable 
piece of equipment. 

Mr. Miter. Incidentally, I hope that when you get that new com- 


puter out at Ames—they were telling me out there they were trying 


to make deals with Stanford Research Institution and everybody was 
running around the country trying to borrow and rent other people’s 
computers. Will that help out out there? 
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Mr. Aszorr. I think so. This has been almost a normal universg} 
situation with regard to computers. 

Mr. MILter. Then the equipment modernization, $1,740,000, op 

age 352. 
. Major Hammonp. Yes, sir. This is one I would personally plead 
for quite eloquently; having been in, as General Ostrander pointed 
out, in the rocket-launching business for some time, I can appreciate 
the need for this. 

I would like particularly to call your attention to the—under the 
vehicle checkout equipment—the item marked “Airframe and rocket 
inspection alinement and radiograph equipment.” That term “aline. 
ment,” for example, is very important. Visualize, if you will, six 
rockets sitting on top of one another. An analogy could be made to 
holding six cans, all full, stacked up on top of one another, and in 
moving them at several times the velocity of sound, to keep them from 
tumbling off one another. I think this emphasizes the need for 
alinement. 

Mr. Miter. It would look like one of these skyrockets on the 
Fourth of July. 

Major Hammonp. Yes; and this is not the general idea with this 
type of work. 

{r. Mitter. Any questions on the $1,740,000 ? 

Mr. Quigley? 

Mr. Hechler? 

We will go to J PL, $5 million. 

Mr, Assorr. Colonel Heaton will speak to these facilities, 

Mr. Mitter. Didn’t we go through a lot of JPL last year? 

Colonel Heaton. Yes, sir. Those items are in the process of bein 
constructed. In fact turn to the sheet just preceding page 354. AE 
though it doesn’t bear a number, this is a site plan or plot of the Jet 
Propulsion Laboratory which is in Pasadena, Calif., an adjunct to the 
California Institute of Technology. 

Mr. Miter. Does California Tech own this? 

Colonel Heaton. This is Government owned. As you will recall, 
it was turned over from the Army tothe NASA. 

You will note from these sheets the areas crosshatched there. 
These are the constructions which have been started principally with 
funds in the 1960 appropriation. 

The ones which are shown in black are those for which funds are 
pone in this budget request. 

r. Miter. Is there any duplication at the Jet Propulsion Labor- 
atory with what is taking place at Goddard and Lewis? 

Colonel Heaton, No, sir. The only amount of duplication you 
would find is a very minimal type, and I think we have had allusion 
to this several times in the testimony today, where you note that such 
things as materials research, or materials research and development 
are being conducted at practically every research and development 
installation you will find in the country, whether it is industrially 
owned or Government owned. 

Again, this particular work in that area, to speak for a moment 
to the materials item in this request, has to do with testing of those 
materials which are most directly involved in the specific work which 
the NASA has assigned to the Jet Propulsion Laboratory. 
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As General Ostrander mentioned earlier, their principal role in 
the NASA picture is to carry out our program in deep space problems 
and particularly the unmanned lunar program. 

Their work in the payload field associated with this program has 

articular demands on materials. These people carry on that work 
in behalf of the program both for obtaining better materiais for use 
in the program and also to guide themselves in the selection of the 
materials that will be used. That is an example of where you could 
say yes, there is a slight amount of duplication in that we have mate- 
rials work going on at the laboratory and they have materials work 
ing on elsewhere. 

The main role of JPL is quite carefully partitioned—— 

Mr. Azssorr. There is duplication only in the sense that it is called 
materials work. But when you get down to the details of what is 
being done, it is not duplication because the detail work will be 
different. 

Heaton. Quite different. That is what I meant to convey. 

Mr. Mitter. I can see where we may be carrying out a slight dupli- 
cation in certain work. If you have an outfit out in California and 
one back here, you would spend more time running back and forth 
across the country, lose more time and effort, and perhaps retard 
progress. 

As long as there isn’t a duplication, that means substantial money 

haps—— 

Colonel Heaton. That is right. 

Mr. Asport. I think it can be compared with the situation in regard 
to machine tools. If one had a great deal of heavy machining to do, 
one would take it to an industrial organization and say, “Make this 
for me.” 

However, a shop that is concerned very much with making anything 
must have a variety of machine tools to do the little jobs, themselves. 

Mr. Miter. I would hate to think every time you stripped a thread 
on a bolt you would have to send it halfway across the country to 
thread it. 

You would save some money on tools, but lose time—— 

—— Heaton. I think perhaps most of all you save some invalu- 
able time. 

Mr. Miter. That has been one of the things that Mr. Osmers 
ay expresses. He is not here, having given me his proxy, 

will make the point. 

Colonel Heaton. Perhaps referring again to the site plan, in the 
lower lefthand corner is an area noted as zone 4. This is a small 
section of land which is contiguous to the present JPL area and which, 
if not acquired at the present time, will shortly be absorbed by civilian 
type use such as for homes or other installations. 

r. Hecnter. What is it now being used for ? 

Colonel Heaton. I believe at the present time it is relatively vacant. 
You will note the density of construction already existing at the Jet 
Propulsion Laboratory. 

There has been some land acquired fairly recently up at the top of 
this picture, last year, into which to expand the rocket work to con- 
form to the hazard 

Mr. Quictey. Zone 2, that is up on the hill. 
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Colonel Heaton. Yes, sir. 

Mr. Axsorr. That is the reason why these lines on the map ry 
around like worm tracks. 

Mr. Quieter. That is highway construction, those black lines drawn 
in there? 

Colonel Heaton. They are access roads. They are a means of get. 
ting to those spots. The first item here for $60,000 is merely for the 
acquisition of this one parcel of land which we feel is very important 
to the future expansion possibilities of the Jet Propulsion Laboratory 
area into which we have already poured great sums of money. 

Mr. Murr. That is costing nme than $15,000 an acre. 

Colonel Heaton. Yes. 

Mr. Mutter. That is a lot of money. 

Colonel Heaton. Yes, but it is extremely important. Because of 
the enormous investment already there. 

Mr. Mitier. What is just across the boundary line, I am not 
oriented, north I suppose, to the west of that? 

Colonel Heaton. To the west? 

Mr. Miter. Well to the left. 

Colonel Heaton. It is very precipitous as I recall. There are road 
nets in that area. 

Mr. Mitre. Is that housing, residential property ? 

Colonel Heaton. The residential housing as I recall, is some little 
distance over in here, but, of course—this whole area when it was first 
begun to be used for the Jet Propulsion Laboratory was a wilderness, 
As years have passed, all areas, particularly this one, have seen build- 
ing encroaching more and more on these very expensive installations, 

We have acute neighborhood problems. One of the best ways to 
prevent this sort of thing happening is to see that you have a natural 
closure, natural boundaries to your own held area and to locate your 
hazardous facilities on your base in such a way that they impose 
a minimum and acceptable amount of hazard to the surrounding 
communities and your own installation. 

Mr. Mitzer. Some of us are familiar with some of these installa- 
tions, as they are fairly close to home. I am thinking of Moffett Field, 
which one time was way out in the middle of the marsh, and now we 
have had to go down and build another naval station in the San 
Joaquin Valley because you can’t fly over this heavily concentrated 
area. 

I am also thinking of an area out in my good friend’s district where 
Lowry Field was one time out in the country and now some people 
are complaining about the jet noises of Lowry Field. 

When Lowry Field was first established, they wouldn’t have given 
you a thank you for the land that they are now paying a lot of 
money for. That is what you are trying to do here, to seal off this 
sort of thing. 

Colonel Yes. 

Mr. Mitixer. I presume if somebody wanted to put a housing de- 
velopment in that 3 acres, it would be very embarrassing to you. 

Colonel Heaton. Yes. This is a sort of a cul de sac as you see, in 
our own holdings. There is also this fundamental problem of just 
sheer acreage for places on which to locate buildings. 
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Mr. Quieter. The potential for expansion at the Jet Propulsion 
Laboratory is quite limited. 

Colonel Heaton. Yes. 

Mr. Assorr. If you have been there, you noticed that the area at 
the top of the map—zone 2 and beyond—are steep hills. Over here 
on the other side there is a wash which is absolutely not usable. There 
is only a very small area of flat land here, or semiflat land that can be 
used. This particular area of zone 4 is the only thing useful left in 
the nei od at all. 

Mr. Mutter. Is there any objection to this? 

Are there any questions ¢ 

Mr. Quietry. I have an observation. We are paying through the 


ose. 
Mr. Miter. Years ago you could have bought it for $15. 

Mr. Ducanper. I would like to know what is the total Government 
investment in land, equipment and buildings? 

Colonel Hxaton. We will have to obtain that and provide it for the 
record. 

Mr. Ducanper. I had called down prior asking for it to be sup- 

lied. 
: Mr. Mituter. That will be supplied for the record. 

(The information requested is as follows :) 

JPL had assets of $26 million when acquired by NASA. Obligational author- 
ity for $7,750,000 has since been provided, bringing the total to $33,750,000. 

Mr. Miter. We will pass over that one. The modernization of 
laboratory facilities. ‘These are some of the ones that you show on 
your big map as black lines? 

Colonel Heaton. Yes, sir. 

Mr. Miuirr. I think without looking at these buildings too much, 
the design of them—we don’t hit the money until we get to page 366. 

Colonel Heaton. There are a number of items. 

Mr. Miter. The space science laboratory, building utilities, elec- 
tronicequipment. There is nothing unique about that building? 

Colonel Heaton. No, sir. 

Mr. Minter. $500,000. 

Colonel Hearon. For the most part it houses the personnel who 
are being assembled for this particular role of coordination on an in- 
ternational scale. 

Mr. Mitrer. In the environmental test laboratory, you have an 
ultrahigh vacuum test chamber, and an accoustical test chamber. 
The others are utilities and buildings. Any questions on this item? 

Addition to the engineering mechanics and design building—$200,- 
000. That isa building. 

Utilities, audio and visual equipment. Any questions on that? 

Materials research and processing facility, $500,000. That again 
is buildings, utilities, and research equipment. The research equip- 
ment issmaller. The building is the big thing. What about the cost 
of these buildings? Are you keeping them on a footage basis? 

_ Colonel Heaton. I am sure they are in keeping with construction 
in this area of the type which is common to that area and suitable-—— 

Mr. Miter. It is by contract, I presume. 

Colonel Heaton. Yes. 

Mr. Miter. Competitive contract. 
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Colonel Heaton. Yes. 

Mr. Mitter. Nothing in any of these buildings that we have gong 
over so far that would require special inhouse work or anything like 
that ? bey pretty much stylized buildings. 

Colonel Heaton. For the most part, iheninalltie are of standard 
type construction that house special equipment. The design knowl. 
edge for which is in hand, we don’t have to invent anything to build 
these. It is—— 

Mr. Miter. There is nothing: 
Heaton. Designers, given the specifications, can have jt 

wilt. 

Mr. Murr. The publications library, $435,300. Addition to fabri- 
cation services building, including building, utilities, and maching 
tools—$250,000. 

Mr. Hecuter. What does the reports group do? 

Colonel Heaton. The reports group are responsible for prepara. 
tion and dissemination of the reports of the research and develop. 
ment activities of the laboratory. 

Mr. Hecuter. I was asking this in relation to the construction. 
Are they suddenly expanding or are they crowded where they are} 
I am looking at page 366 that it is urgently needed for more space 
for the reports group. 

Colonel Heaton. Because of the fact that space available to this 
group has not been expanded in keeping with the increased work 
that is being done at the JPL and the need for a very thorough 
dissemination of that information. 

Mr. Asrorr. I might add that if any of you have visited out there, 
and I would urge you do so if you haven’t, you will have noticed that 
the whole laboratory is congested. The whole situation at JPL is 
one of congestion. 

Mr. Hecuter. I just have a constitutional opposition to many 
reports. 

fr. Annorr. By and large reports is the output of NASA, Our 
main output is information. 

Mr. Miter. Mr. Quigley is the only venturesome person to go 
down there. 

Mr. Quieter. I have been to the area and I agree with you that it 
is quite congested. It is the only installation in California that it 
occurred to me that in a short time ought to be looking for space and 
I was going to suggest that they take a look at West Virginia or Penn- 
sylvania when it comes to relocating. Quite seriously, do you have 
any long range plans for JPL? 

I oo they have a real problem as far as space and land is con- 
cerned. 

Colonel Heaton. I know of no long range plans to acquire an addi- 
tional annex, you might say, to the Jet Propulsion Laboratory group. 

Mr. Quieter. The only way they could do it would be with a space 
platform. 

Mr. Miter. I might say to my colleague from Pennsylvania before 
he gets the gentleman from West Virginia too well heated up, you 
remember last year Judge Chenoweth put his mark on JPL and said 
he had some nice canyons out there that were available. 
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Mr. Quietry. They are nice canyons. Quite seriously I think you 
have a physical factor at J PL which despite its tremendous record 
of achievement over a generation or better, this thing has just out- 
grown the fondest dreams of the Cal Tech professors who first started 


I think there will always be an installation at this particular spot 
on the map, but—— 

Mr. Mutter. Just as there will always be a Cal Tech. 

Mr. Quieter. I think any long-range program or expansion of JPL 
almost has to be done at another physical location. 

Mr. Azvort. I think you are right. 

Mr. Quieter. Not necessarily in California 

Mr. Ansorr. If there is any great increase in facilities, they cannot 
take place on that site. 

Mr. Ducanper. Down here at the south, is that the bottom of the 


ma 

Colonel Heaton. There is nothing available down there. 

Mr. Ducanoer. Is this the last land expansion that you expect at 

L? 
ie Heaton. It is the last planned at this time. I think it 
would be the last that we could effect, for the simple reason that the 
usable land is already occupied by other installations. 

Mr. Annort. It is either completely unusable or already filled up. 

Mr. Ducanper. Didn’t you get some last year ? 

Colonel Heaton. That is zone 2. 

Mr. Quictey. Doesn’t JPL have something at Edwards? 

Colonel Heaton. They have a small installation at Edwards. Sixty 
acres, I believe. This is a small plot where they do work on liquid 
rocket engines primarily, firing engines such as the 6,000 pounds 
thrust one. 

Mr, Hecntrr. Is that expandable? . 

Colonel Heaton. It is expandable at Edwards Air Force Base if 
needed. 

Mr. Hecnurr. Could some of this work be transferred there? 

Colonel Heaton. We have looked into that, of course. The an- 
swer to our inquiry has been that the principal work that could be 
transferred there would be of a rocket character. The dominant role 
of the Jet Propulsion Laboratory in rockets is one of research, which 
uses rather small rockets. So we are not currently planning to ex- 
pend this to a degree which will require in the immediate future the 

uilding of a facility on a larger area. 

Mr, Miter. It is getting late. Are there any other questions on 
these items? 

Mr. Quictry. I think we are all bothered by the same problem. 
Whether we would be better off, instead of paying $60,000 for 3 acres 
there, buying 35 acres somewhere else. 

Mr, Miter. This complements something that you have. 

Mr. Quiatey. I agree. I think this may the last bite. The year 
after you will have to go somewhere else. 

Mr. Miter. We will adjourn until 10 o’clock tomorrow morning. 
Can you gentlemen be back here again? The next one that we are 
going to take up—I think we finished the Jet Propulsion Laboratory. 

Colonel Heaton. There are several items in the Jet Propulsion 

boratory. 
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9 Mur. Let’s finish that today. I thought we had reached the 
end. 

Colonel Heaton. This was a $2 million item that we just finished, 
The next one is on page 368, solid propellant facility, with a plot plan 
on page 369. This is a completion of the work initiated last year jy 
building a more isolated rocket test site adjacent to the Jet Propulsion 
Laboratory to enable the Jet Propulsion Laboratory to fire s ightly 
larger rockets and to do so without waivers on safety provisions, 

e elements in this facility are the standard ones in any solid 
propellant facility. First one must prepare the oxidizer, it has to be 
stored, the oxidizer has to be ground and mixed with a fuel into q 
composite propellant. This material then must be cast in its rocket 
eases. After the casting, there is the trimming and curing process, 
the storing process and, of course, the firing. 

The elements here are those types of elements. 

Mr. These buildings have to be separated and protected 
one from another. 

Colonel Heaton. Many of them are reverted or underground with 
earth fills. 

Mr. Mitier. They are pretty much the same type of building that 
is used in any other place, the same thing down here at Indianhead, 
— I presume yours will be a little more modern than that. 

olonel Heaton. That is right. Of course, we are working with 
an explosive. 
Se atom These individual buildings are located in folds of the 
the hills. 

Mr. Miter. Is there any question on that phase of it ? 

Mr. Hecuuer. I have a general question. 

Mr. Miter. Can that go on later? We have one more item on 
JPL. There is the antenna range. 

Colonel Heaton. And the liquid propellant test cell. It is on page 
363 and is next. The story on the liquid propellant test cells is al- 
most precisely the same as that on the iia propellant area comple- 
tion. Again we are completing what was started last year of the 
iene into this remote area where we can conduct hazardous 

rings. 

Mr. Mirier. There again, there is nothing peculiar about this. 

Colonel Heaton. No. 

Mr. Mitter. It is common to all such installations. 

Colonel Heaton. Yes. There is nothing that requires the develop- 
ment of new technology in order to design or construct it. It is 
rather straightforward and that is why you can do it in 10 months. 

Mr. Quitetry. Are these generally in zone 2 up on the hill? 

Colonel Heaton. Yes. 

Mr. Mittrr. The last is the antenna range. 

Colonel Heaton. The buildings that have been constructed there 
are obstructing their old antenna range. That plus the expanded 
demands for precise antenna testing to develop new design criteria 
for the more advanced antenna are—for the lunar exploration and 
the deep space problems, this facility is required. It has been care- 
fully sited so that we have the most flexibility and the most use out 
of the facility. 

Mr. Mixuer. Any questions on this? 
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Colonel Heaton. It is a small item. 

Mr. Miuter. You had a general question. 

Mr. Hecuter. You are doing pretty much the same thing at JPL 
as at Lewis, aren’t you? 

Colonel Heaton. Not quite. The work at the Jet Propulsion Lab- 
oratory has been concentrated principally on the solid propellants 
where Lewis concentrates on liquids. And, furthermore, as regards 
the liquids, Lewis has been devoting their abo pe attention to the 
very high energy liquids and the Jet Propulsion Laboratory’s efforts 
are mainly concentrated on the storable type of propellant. ‘There has 
been a compartmentalization this way and each other knows what the 
other is doing. 

General OstrANDER. The work at Lewis, I would say, is a more basic 
research type character where the J PL is more in the application field. 

Colonel Heaton. That is very right, particularly in the liquid field. 

Mr. Assort. In the liquid field we are trying at Lewis to get out 
ahead with the liquids of the future. Many of the things that we are 
working on there will be way ahead of the possible application. 

At JPL while there is some aspect of that, they are working more 
on the storables which are nearer application and they are much more 
concerned with the application to their own end items. 

Mr. Mitier. Then we will meet at 10 in the morning. 

In regard to Huntsville, there will be a lot of questions. We will 
want to know why it is necessary to spend $27 million down there 
when we have merely changed the name of the team, why we can’t 
continue to use some of the facilities that are there. 

Mr. Quietrey. Why we need new locker rooms. 

General OstRANDER. I will be here and try to answer that. 

Mr. MitiEr. They have talked to you about that phase of it. 

(Whereupon, at 4:10 p.m., the subcommittee adjourned to recon- 
vene at 10 a.m., Friday, February 19, 1960.) 
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FRIDAY, FEBRUARY 19, 1960 


House or REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Suscommirtee No. 1, 
Washington, D.C. 

The subcommittee met at 10 a.m., Hon. George P. Miller (chairman 
of the subcommittee) presiding. | 

Mr. Mutter. The committee will be in order. 

Let the record show that Mr. Osmers and Mr. Hechler are here. 
I believe that gives us a majority. We are well represented on the 
minority side, so we can go ahead. 

This morning we are going into the Huntsville phase. Now, this 
has bothered me and bothered some of the other members. It is going 
to be a question that we are going to be faced with on the floor an 
we are going to have to answer. — 

You gentlemen have to furnish the answer to this question: We 
transfer a team at Huntsville from the Army to NASA. These peo- 
ple have been working at Huntsville for how long, 10, 15 years, I 

ess. You no more than get this team transferred than you come 
in and tell us that you need $27 million for buildings and laboratories 
at Huntsville. You need a 5- or 6-story administration building; 
you need a new laboratory. ; 

Is the Army immediately going to expand its program down there 
and take up the facilities that were used by the Von Braun team? 
This is the ind of thing that we are going to have to defend and we 
were laughing about it yesterday, we know the p ow rs who are goin 
to raise this question. If you had come in and said: Well, we nee 
so much this year. 

But to come in and present us with $27 million now is a big bite 
and I trust that you are going to justify it. We are going to have to 
look pretty hard at this and want justification so we can defend the 
thing both in the full committee and on the floor. 

Now, I don’t know, Mr. Osmers, on your side now, whether you 
agree with that statement or not. 

Mr. Osmers. Mr. Chairman, you and I have discussed this situation 
prior to the hearing today. It seems to me that there will be a special 
need for justification of this size of expenditure at Huntsville. 

I say that with full knowledge that among my other duties in the 
House, Mr. Chairman, as you know, is membership on the Armed 
Services Committee and I am, there, on the Real Estate Subcommittee. 

The Real Estate Subcommittee of the Armed Services Committee of 
the House under the law has to pass on the disposition and acquisition 
of all real estate, buildings, leases, and it makes rather an odd situ- 
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ation, Mr. Chairman, for me to sit at one end of this corridor ag q 
member of the Real Estate Subcommittee of the Armed Services Com- 
mittee passing upon the disposal by the Government of millions of 
dollars worth of property and then to rush a few doors away and 
approve programs for the construction of facilities in other places, 

ow, I recognize that oversimplification in every field has some 
weaknesses and possibly this is a place where oversimplification could 
easily apply. However, it will certainly be necessary for this sub. 
committee to have good, sound reasons for advocating this complete 
program to the full Committee on Science and Astronautics, and later 
on, of course, to the House, itself. 

Then there is the appropriation process which must follow that, of 
course. So with that sort of opening, background statement, Mr, 
Chairman, I suppose we ought to give them a chance to explain it, 

Mr. Miuuer. Do you have any observations, Mr. Hechler ? 

Mr. Hecuter. I think the observations of both the chairman and 
Mr. Osmers are both cogent and realistic. 

Mr. Ducanper. Mr. Chairman. 

Mr. Minter. Mr. Ducander. 

Mr. Ducanper. I think it would be well to keep in mind that there 
are certain funds in paragraph 7 on page 2, which is the Huntsville 
facility, which would have been needed by the Army had the Army 
retained the facility. Isn’t that right ? 

General Ostranver. That is correct. 

Mr. Miter. All right, that is fine. That is the kind of thing that 
we want very definitely. I want to assure you that as far as I am 
concerned, I am not prejudiced against this program. I realize these 
things, but I have tried to put in rather sharp and perhaps not too 
acceptable language because this is the kind of thing we are going to 
be asked. 

Mr. Assorr. Mr. Chairman, we recognize this as a most important 
question which arises very naturally from exactly the reasons that 
you have stated. 

However, there is a good story, there are good reasons for these, 
there is ample justification in our mind, and I would ask General 
Ostrander, who is directly responsible for the work there at Hunts- 
ville, to speak to this problem. 

Mr. Miter. All right. 

Mr. Osmers. Mr. Chairman, just before General Ostrander begins, 
I do want to make one more, very brief, observation and that is that 
when we discuss the Saturn project, we are very close to the heart of 
the problems that face the Nation in its relative position with other 
nations in space. 

So that we should not be ungenerous with the program on that 
particular basis, and I know that that isn’t your intention. 

Mr. Mintzer. That is not my intention at all. As a matter of fact, 
I have personally enough confidence, I will buy what they have here, 
but I just want some help, and we are going to be the ones that are 
going to have to carry this thing on the floor, so you have got to doa 
good job of educating us now, General. 

If we start asking critical questions, it is merely because we are 
acting as devil’s advocates to bring out some of this material. 
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STATEMENT OF MAJ. GEN. DON R. OSTRANDER, DIRECTOR, OFFICE 
OF LAUNCH VEHICLE PROGRAMS; ACCOMPANIED BY COL. D. H. 
HEATON, NATIONAL AERONAUTICS AND SPACE ADMINISTRA- 


TION 


General Osrranver. All right, sir. Mr. Chairman, I would like, if 
I may, to make some general remarks with respect to your observa- 
tions to begin with. ‘These are that all of these items included both at 
Huntsville and at Patrick are directly and immediately tied to the 
expediting of the Saturn program. ’ 

If the S113 million request, which the President has submitted to 
Congress for the expediting of the Saturn program, is valid, then we 
believe these facilities are valid. , 

And we must have them, if we are to expedite this program by a 

ear as you were told by Dr. von Braun in his testimony. OE, Re 

There is only one item among these 15 items, I believe, which is in 
any way dependent upon the transfer of the Huntsville facilities from 
the Army to NASA and I will point this out when I get to it. 

As I believe Mr. Osmers mentioned, there was a figure of some $13 
million of these funds which were already programed, already in- 
cluded in the Army’s 1961 budget. 

Mr. Miter. All right. Could you give us, specifically, I think, 
a memorandum on that $13 million that was in the Army’s budget so 
that we can have that to offset ? 

Then, in effect, what you are asking for is if the transfer had not 
been effected, there would still be this $13 million. So—— 

General Osrranper. Yes, sir. I would point out that these were 
included in the Army budget prior to expediting the Saturn program. 

Mr. Miter. All right. I think if you can give us a memorandum 
and a breakdown of that—— 

Mr. Ducanprr. Yes, sir; that would be very helpful. 

Mr. Miter (continuing). It would be very helpful for the record. 

General OstRANDER. Yes, sir; we will be glad to. 

Mr. Mutter. Very well. 

(The information requested is as follows :) 

Prior to the transfer of the Saturn program from the Department of Defense 
to the NASA, the Army had planned to request appropriation in fiscal year 1961 
for facilities in support of the Saturn program totaling $13 million. Of this 


amount, $10,750,000 was to go to Huntsville and $2,250,000 to Cape Canaveral 
as follows: 


Huntsville: 
Saturn static test facility._...tqo..._._.____ .. $7, 000, 000 
Dynamic test facility Lik: 600, 000 
Pressure test cell___ 650, 000 
Extension to assembly building 2, 500, 000 
Total eda 10, 750, 000 
Canaveral: Completion of Saturn launch complex 2, 500, 000 
Total 13, 000, 000 


Of these items, the Saturn static test facility funded at $7 million would 
have provided a standby facility which could have been activated by installing 
additional equipment at extra cost in case of a catastrophic accident on the 
existing static test facility. The NASA funding level of $10,800,000 will result 
in a facility completely equipped for first stage testing. It will provide the 
additional testing capacity necessary for the accelerated Saturn schedule. 

The other facility items at Huntsville and Canaveral had either been proposed 
to the Army by Dr. von Braun’s Development Operations Division or would have 
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been proposed in fiscal year 1962 under the old Saturn schedule. The negg 
for these items was rendered critical by the problems attendant to the propogeg 
transfer of the Development Operations Division to NASA and the acceleration 
of Saturn. NASA is increasing the workload on Huntsville not only by the ag 
celeration of Saturn but by placing additional programs under Huntsville dire 
tion. Principally, Huntsville will be responsible for overali direction of the 
Centaur program and of the NASA program to adapt the Air Force Thor ang 
Atlas Agena B vehicles to NASA missions. To carry out these broadened re 
sponsibilities within a manpower ceiling of 5,500, the markedly improved work. 
ing conditions and augmented technical facilities contributed by the additiong 
$7,700,000 of construction at Huntsville is considered mandatory. 

General OstranperR. Now, as further description in general] on thegg 
facilities I would point out that they are in somewhat a different 
category than the research facilities which Dr. Abbott was talki 
about yesterday. In other words his facilities are, as you pointed out, 
generally new—something that we are doing for the first time. Theg 
facilities on the contrary, are, I would say, more, bigger and better 
versions of similar facilities that we have built and used before, [py 
other words, we started out many years ago launching small rockets 
such as the Aerobee that Major Hammond spoke of. We went from 
there to the intermediate-range ballistic missiles. We needed larger 
launching facilities, larger static test facilities. The ICBM program, 
required still larger facilities. We simply had to have more space, 
larger gantry cranes, heavier launch pads and so on. The faciliti 
T am here to discuss, in many cases, are a continuation of this trend, 
They are simply expanding our existing tools to fit a tremendousl 
large program and a tremendously large vehicle, the Saturn. I thin 
perhaps, sir, the best way to start out unless there are other questions 
on the general subject is to take a look at the Huntsville plat plan 
which is shown on page 379 of your book, in order to orient you 
gentlemen as to where these facilities lie. 

This plat plan shows the 1,130 acres which under the transfer agree- 
ment from the Army to NASA, if approved by Congress, would be 
transferred to the jurisdiction of NASA. This tract lies in the center 
of the much larger Redstone Arsenal reservation and is the site of 
the facilities which Dr. von Braun’s group have been using in the past 
under the Army. 

The northern section, on your plat plan, is in general the admin- 
istrative laboratory shop area, and the portion in the south comprises 
the static test firing area. 

In connection with one item which we will come to later, if you 
will notice, almost in the center of the top of the plat you will see a 
building which is labeled “4484” right here [indicating]. This is the 
current headquarters building of the Army Ballistic Missile Agency, 
which includes, of course, Dr. von Braun’s Development Operation 
Division as well as some of his laboratories. In connection with the 
transfer from the Army it was agreed that the Army would share this 
building with NASA for the time being until such time as NASA 
could provide additional facilities within their own area to take over 
Dr. von Braun’s administrative and some of his laboratory activities, 
and this I can get into in more detail when we come to the item. 

The items in question are indicated by the small letters in circles 
which are scattered around the area and I will point these out as we 
come to each item in turn. 
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With that as a preamble and with your permission, I would suggest 
that we simply go through these items one by one and cover the 


ses of each. 
All right, sir. 

The first one starts on page 380, I believe. 

General OstRANDER. Yes, sir. 

Mr. Mitxer. This is the Saturn static test facility. 

General Osrranver. The Saturn static test facility is the second 
such facility which we will have at Huntsville. If you will remem- 
ber, in order to get the Saturn program going, we modified initially 
the old Jupiter static test facility, increasing the height and the water- 
flow to allow us to test the large 1,500,000-pound booster which is used 
for the Saturn. 

With the stepped-up schedule on the Saturn you will remember 
from Dr. von Braun’s testimony that we move the availability of the 
first operational Saturn up by approximately 1 year. This means, for 
example, that in calendar year 1962, instead of producing and firing 
two Saturns, we will have three to handle. In 1963, instead of three 
we will launch five, and in 1964, instead of four we will have six to 
handle. 

This is the key to the need for this facility and many of our subse- 
quent facilities that we will cover. We need this second facility for 
tworeasons. First of all, simply because at the expedited schedule we 
are not able to handle on one facility all of the Saturns that we will 
produce. The other thing is that if we should have an accident on 
the single existing facility, the effect on the program would be catas- 
trophic. We would simply lose all capability to static test our mis- 
siles and it would delay the program by months or even up to a year 
or more. 

The details of this facility you will see on a sketch appearing on 

age 882. This large structure serves to hoist and to hold the booster 
in place, a total height of about 205 feet, as I remember, with a 100-ton 
crane at the top. At the bottom is this flame deflector which is pro- 
vided with cooling water, and we also have to provide a concrete-lined 
trench to drain the cooling water into a cooling pond. 

In addition to the immediate facility we must also have all of the 
supporting facilities. We will have next to the actual static test 
stand a small, 2-story concrete building which will terminate our 
instrumentation, will contain our control panels, special power gen- 
erators, switching panels, and so on. Also we need a metpinabianns 
to contain all of our instrumentation and control equipment. There 
will also be a certain amount of site work, preparation of the site, 
access roads, railroads, powerlines, waterlines, and so on. 

Mr. Mitxer. The total amount of this phase of it is $10,800,000? 

General OstranpER. Yes, sir. 

Mr. Miter. Tower $1,900,000, deflector trench, site work, and dock 
storage. The instrumentation control equipment takes up nearly half 
of it, $4,510,000. 

General Ostranpver. Yes, sir. One question, incidentally, that might 
come up is why we are unable to use the same blockhouse for both of 
these static test facilities as we occasionally have done in the past. 
The answer is very simple. First of all, we need to separate the two 
facilities so that in case of a blast we don’t destroy the other one. 
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This means that it places the new static facility so far from the block. 
house that we would be unable to run our instrumentation and power. 
lines and get good data at that distance from the static test stand. 

However, even though we were able to do this, the existing block. 
house is simply too small to contain all of the equipment that we neeq 
in there. 

Mr. Mrizer. How much in the existing blockhouse—how mue, 
equipment have you got in there, in terms of the cost of the equipment, 

Genera] Osrranper. In terms of the dollars. 

Colonel Haron. I don’t know exactly, but it approximates the 
value of the equipment to be installed in the new blockhouse—of the 
order of $4 million. 

Mr. Miter. In other words, then, if you tried to use the same block- 
house that you have, even at the depreciated value, $350 million, and 
you put this $400 million in, and you did have an unfortunate accident 
or something, you would be destroying $10 million worth of instru. 
mentation ? 

Colonel Heaton. That is not quite true, sir, because a blast on one 
stand would not destroy the instrumentation in the blockhouse, 

Mr. Miter. I mean if you tried to put them in the one basket, that 
is the chance you would be taking. 

Colonel Heaton. No, sir, not as far as the blockhouse is concerned, 

General Osrranper. The instrumentation within the blockhouse 
would presumably not. be destroyed because this will be protected. 

Mr. Mitxer. It will be out of service for quite some time. 

General Ostrranver. That is right, as far as the test stand is con- 
cerned. 

Colonel Heaton. That is right. 

Mr. Mitierr. And that would delay the whole program. 

Colonel Heaton. Indeed. 

General Osrranper. The important point, however, I think, is that 
we need to do testing at the increased schedule rate on two missiles, 
which will require firings on two stands at the same time. You can’t 
use the same instrumentation for both at the same time. 

Colonel Heaton. That is right. 

Mr. Ducanper. This is an item that the Army would have had to 
have had anyway 

General Osrranper. Yes, sir, this is one of the items included in the 
$15 million. Part of it is included. 

Colonel Heaton. You might get a question as to why it would cost 
more for NASA to build a second static test position than the Army. 
Where we are requesting $10.8 million, they were talking about $7 mil- 
lion. The facility at $7 million would have been limited to a facility 
which could be activated if necessary in case of an explosion. The 
one that we are calling for is one which has the additional capability of 
permitting simultaneous testing both on the first, existing Saturn static 
test position and on this new static test stand. 

Mr. Miter. And this new one is designed to take this much bigger 
thrust engine, and all the things that go with it. 

General Osrranper. It is designed to handle the complete Satum 
engine, including the additional thrust that will come with product _ 
improvement in the future. 
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Mr. Assorr. And, of course, this change in philosophy from a 
stand which would be available only for use in emergency to one which 
would permit simultaneous operation is connected with expediting 
the Saturn program. ; 

Mr. Ducanper. Yes, that is very good. 

Mr. Murer. Now, the standby stand would cost then about $7 
million. 

Mr. Anporr. $7 million. og. 

Mr. Miter. So with the additional $3 million we not only get the 
stand, we get one which we can use simultaneously ¢ 

Mr. Anzorr. We double our testing capability. 

Mr. Miniter. Mr. Hechler ? 

Mr. Hecuter. I just noticed on page 381 that the blockhouse for 
tower No. 2 will actually be closer to tower No. 1 than the other 
blockhouse. Is that correct ? 

Mr. Mitier. There may be some folds in the ground that don’t show 
on this map. 

General OstrANDER. Closer to the first test stand, Mr. Hechler? 

Mr. Hecuter. Yes. 

General Osrranper. It is somewhat, although I can assure you that 
this location does comply with the safety distances for blast. 

Mr. Hecuurr. I am not concerned about safety, I am concerned 
about economy right now. 

General Oh, I see. 

Colonel Hearon. The key point, of course, here is that it is either 
a matter of practically doubling the size of a present. blockhouse, 
which in a sense is building a new blockhouse, or building a second 
blockhouse. They found it no more expensive to build a second block- 
house. This is necessary if you are going to accommodate all this extra 
instrumentation and control equipment. 

Mr. Hecutrr. Now, this amount of over $414 million for instru- 
mentation control equipment, how does that relate in comparison to 
other facilities? Is this proportionately a larger amount? I wonder 
if you could explain why that has to be proportionately a larger 
amount. Would you give us some detail on why the instrumentation 
and control equipment for Saturn has to be much more expensive? 

General Ostranver. I can give you some examples, Mr. Fachier: 
For example, in the Saturn booster we have, as you know, eight en- 
gines. This means in effect for every static test we have to multiply by 
eight times the number of instrumentation lines and the number of 
tests or the number of sources of data that we run. We have to make 
arrangements for starting each one of these eight engines separately, 
we have to take measurements of temperature, pressure, all the other 
data individually on these eight engines, whereas in the case of, for 
example, the Jupiter, you are testing only one engine. 

Mr. Hecuter. In other words, when we develop Nova and other 
things in the future, do you think we will be able to reduce the propor- 
tion of this instrumentation ? ; 

General Ostranper. If the configuration finally chosen for the Nova 
first stage has fewer engines than the eight used in Saturn the instru- 
mentation required for the first stage operation will probably be 
reduced, but not in proportion to the number of engines. The higher 
thrust and greater complexity of more advanced vehicles will tend to 
increase the instrumentation required. 
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Mr. Hecuter. I just want you to watch your answer because it may 
come back to haunt you. [Laughter.] 

Mr. Miter. Have you any further questions ? 

Colonel Heaton. I hope you are satisfied with the answers in regard 
to the location of the new blockhouse relative to the first static tegt 
stand and relative to the new static test stand. The blockhouse mugt 
be close enough to the test stand it will service, so that the test going 
on can be observed and so that the length of cabling is not excessive, 
as General Ostrander has pointed out. On the other hand you don't 
want it so close that the blast from a catastrophic failure of the 
device you are testing will damage the blockhouse. These considera. 
tions have determined the location chosen for the new blockhouse., 

Mr. Hecuter. So why don’t you close blockhouse No. 1? 

Colonel Heaton. In the first place, blockhouse No. 1 is already 
instrumented, the leads are eer in existence and it is to be used 
to test the Saturn on the static test tower No. 1. There would be no 
point in tearing this one apart to put the same instrumentation in a 
new blockhouse. Furthermore, the blockhouse for the existing static 
test tower is much too far from the new static test tower to permit it 
to be used effectively for the firings on that tower. 

Finally, there is the additional point of the lack of space available 
in the existing blockhouse to accommodate the additional control and 
data-gathering equipment that must be installed to conduct tests on 
the second static test position. 

Mr. Hecuter. I think you can well understand, relating back to the 
initial observations of the chairman and Mr. Osmers, why some of 
these questions would arise about the possibility of utilizing any con- 
ceivable facility now at Huntsville dees control of the Army for use 
in Saturn and I think it must be very carefully justified why Saturn 
needs these new facilities. 

General Osrranper. I think the key point of this is, first, that we 
must have two facilities available in order to meet the rate of produe- 
tion of Saturns that we are going into and, secondly, we think it is 
wise to have two facilities available in case of a catastrophic failure 
on one of them which would destroy all of our capability unless we 
had a backup. 

Colonel asibil All alternative locations and all possibilities of 
using Army-owned equipment had been thoroughly investigated before 
the selection was sind. 

Mr. Mirzer. Incidentally, you are going to take over part of this 
area from the Army. That becomes NASA’s then; you are not just 
a tenant at Huntsville; is that right? 

General Ostranper. This land does not, I believe, become actual 
NASA property. We are given right of use and access and are ten- 
ants in the sense that certain of the post facilities will continue to be 
provided by the Army for NASA. 

Mr. Arzorr. The relationship will be the same as it is at Langley, 
Ames, and Edwards. 

Mr. Hecuter. There is a very interesting general question that came 
up yesterday when we were discussing with General Medaris the trans- 
fer of Saturn to NASA. Mr. Mitchell, of Georgia, asked, would 
it cost more money. General Medaris said definitely. This is the 
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ing concern that every Member of Congress has here as to wh 
em d do it cheaper imo the Army than under NASA. I real- 
ve this involves questions that are larger than the immediate issue we 
are discussing on page 380, yet I do think that this points up the neces- 
sity for justifying this. 
Mutter. Mr. Ducander ? 

Mr. DucanpeEr. No, thank you. 

Mr. Mutter. All right. Then we will go on to the next item, which 
isthe central laboratory and office facility. 

General OstranprR. This, Mr. Chairman, is the item I mentioned as 
the only item mney the 15 which to any degree is dependent upon or 
a result of the transfer of these facilities from the Army to NASA. 

Mr. Muer. This is building D, I take it, on your general plat? 

General Ostranver. That is correct; yes, sir. 

The existing building which I mentioned earlier currently houses 
all the headquarters of the Army’s Ballistic Missile Agency, including 
the headquarters of Dr. von Braun’s Development Operation Division, 
as well as some of his laboratories. 

The agreement between NASA and the Army was that we would 
continue to share this space until such time as NASA could provide 
their own headquarters and laboratory building, allowing this present 
building to revert completely to the Army. 

The purpose of this item in the budget is to provide such a building. 
The new building will accommodate Dr. von Braun’s headquarters, 
his administrative staff and three laboratories, the Aeroballistic 
Laboratory, the Research Projects Laboratory, and the staff offices of 
the Missile Firing Laboratory. Approximately a thousand people 
will be located in this building. 

Mr. Miter. In stepping up the program, will it become necessary 
to increase the personnel down there ? 

General Ostrranper. So far as the Development Operations Di- 
vision of Dr. von Braun is concerned, no, sir. At the present time we 
have put a ceiling of 5,500 people on Dr. von Braun. 

Mr. Hecuter. This is 1,000 more than the current ? 

General Osrranper. So far as the technical people are concerned, 
actually this will be approximately the same. There is the requirement 
to provide Dr. von Braun with certain administrative support capa- 
bility which he presently gets from the Army, such things as contract- 
ing, legal advice, personnel. 

Mr. Hecuier. But, do you need for this administrative personnel 
almost 20 percent more? This is getting a little bit away from con- 
struction, but still it is directly related use if you have to have 
people, you have to have facilities, and-—— 

; = Mitre. That is our only interest in people now, the housing 
of them. 

Mr. Hecuier. I am comparing 5,400 and 5,500, which roughly 
figuring, comes between 1624 percent and 20 percent. 

General Ostranpver. I would like to point out that these are not 
all purely administrative overhead people. They will include, for 
example, the contracting people who actually write the contracts for 
Dr. von Braun with industry. They are an actual part of his operat- 
ing capability, rather than just overhead. 
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Mr. Hecuter. I think you ought to give us or someone should give 
us with some greater precision, the comparison between what the 4,500 
people are depending on the Army for now, and what this 1,000 extra 
people will actually be doing. 

eneral Ostranver. All right, sir. I do not have the detailed break. 
down here, but we can furnish it to you. 

(The information requested is as follows :) 


NASA STAFFING AT THE HUNTSVILLE FACILITY 


The proposed NASA staffing will provide Dr. von Braun with nearly the same 
level of capability as he had available under Army management. The Develop. 
ment Operations Division has 4,213 employees. In addition, the Division receives 
administrative and technical support equivalent to between 1,200 and 1,300 
managers from other parts of ABMA and other Army units at Redstone Arsenal, 
This group is further augmented by 260 Army enlisted personnel assigned to 
work in the Division. 

Under the proposed transfer plan, the buildup of staffing in comparison with 
the above is as follows: 


Total To NASA 
Development Operations Division................--......------------------- 4, 213 3, 863 
Additional administrative and technical support personnel 385 


HUNTSVILLE OFFICE SPACE PROBLEM 


It is our understanding that the office space available for the total Redstone 
Arsenal complex was in critically short supply before the decision to transfer 
the Development Operations Division to NASA. 

In the course of the negotiations, it rapidly became clear that this would be 
one of the most difficult problems to solve satisfactorily. For this reason, special 
attention was devoted to this problem by both the Army and NASA, The Army 
found itself faced with existing office space shortages which require use of sub- 
standard, unsatisfactory space, substantial additional staffing requirements to 
earry out Army programs, including a need to replace a part of the administra- 
tive personnel who will transfer to NASA. For example, of the 1,108 personnel 
in the Army Ballistic Missile Agency, other than the Development Operations 
Division, approximately 442 will transfer to NASA. Of these, 326 comprise the 
Technical Materials and Equipment Division which will transfer as an entity. 
This supply group is housed in warehouse space within the proposed NASA area. 
The remaining 116 do require office-type space when transferred to NASA. But 
the office requirements of ABMA totally will not be materially decreased due to 
the requirement to replace some of the transferred personnel and additional 
staffing needed to carry on the Army’s military missile programs. Of the total 
NASA requirement of 1,200 people for administrative and technical support of 
the Development Operations Division, nearly 400 will need to be provided by 
other than transfer from the Army. This means that outside recruiting by 
NASA will put additional pressures on an already severe office space situation. 

Total NASA office space requirements for administrative and technical sup 
port are estimated at 85,000 net square feet for 600 people. In addition, office 
laboratory-type space is required for the Aeroballistic Laboratory, the Research 
Projects Laboratory, and the Missile Firing Laboratory and plans for such addi- 
tional space were under study by the Army at the time of the transfer decision. 

It was not possible to provide both Army and NASA requirements with avail- 
able office space. For this reason, the office-laboratory building under considera- 
tion by the Army for the laboratory groups above was expanded to provide addi- 
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tional office space and included in the NASA budget. In the interim until con- 

ction is completed, the available office space will be shared under crowded 
ne and temporary use will be made of scattered blocks of space in tem- 
porary or special purpose structures for office space requirements. 

Mr. Hecuter. This would be tremendously useful to have because 
[have a suspicion that your case would be stronger if you could prove 
a Mixer. General, this may not be a proper question. We may 
have to get this from the Army, but is the Army going to step up, do 

ou know, its activities, its ballistic activities? — : ; 

General Osrranver. I don’t know the details of that point, sir. I 
suggest that you ask the Army. I believe that they do have a plan to 
continue their capabilities in this area, but I am unfamiliar with the 
details of their plans. all 

Mr. Hecuier. General, couldn’t you get some of these facilities 
from the Army on a reimbursable basis, such things as the cafeteria, 
office space ¢ 

General OstraANDER. There simply are no other facilities to get from 
them. We are, in effect, getting the present building on a temporary 
basis, on loan from the Army. But there simply are no other facilities 
to provide for our headquarters and—— 

Mr. Hecuter. You see this is really the key to what worries people 
about this. Immediately, as soon as you transfer these existing per- 
sonnel, then you come in for a new building. ) 

Now, this is, I guess, just a matter of strategy. I have been in the 
executive branch, where they discuss strategy as well as program. I 
don’t know, maybe you fellows would do better if you waited a year 
before you came in for a new building, because the minute you transfer 
and you come in for a new building, it looks kind of funny. 

General OsrranpeR. Well, sir, I can understand your reaction, but 
it takes us some 20 months to build this new building and we are con- 
vinced that we are going to have to have that additional space. 

Mr. Ducanper. Mr. Chairman. 

Mr. Yes. 

Mr. Ducanoer. Isn’t it a fact that the headquarters building at 
Redstone right now is overcrowded ? 

General Ostranper. Yes, sir; it is extremely overcrowded. 

Mr. Ducanper. Isn’t it a probability at least, had they retained this 
peoject they would have had to ask for funds to build an additional 

uilding ? 

Bineral OsrranveR. With the increase in the program, I would 
ag that they certainly would have had to have additional space. 

ne point which I did not make is that a part of the need for the 
additional space is, again, a direct result of this expedited program, 
since the work of these three laboratories that I mentioned, the Aero- 
ballistic Laboratory, Research Projects Laboratory, and the Missile 
Firing Laboratory, will be increased as a direct result of the step-up 
in the Saturn program. 

Mr. Ducanper. I think that is very important, Mr. Chairman. In 
fact, this expediting is causing a difference in the program than what 
the Army would have done had they retained it and not expedited it. 


General Ostranver. That is right. However, if they expedited, 
they would-—— 
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Mr. Ducanpver. They would have had to have these very same things, 

General Ostranver. That is right. 

Mr. Mittrer. If the Army would have had to increase the staff even 
by 1,000 to expedite it, they would be up against the same situation 
that you are up against, as far as housing is concerned. 

I remember distinctly on my one visit to Redstone Arsenal that 
the administration building was bursting at the seams. 

Mr. Cuenowetu. Is there housing involved in this? 

General Ostranver. No, sir; office and laboratory space. 

Mr. Cuenoweru. What will be the difference in the personnel situ- 
ation after this changeover, as between NASA and the Army? The 
Army is going to retain some of their work? 

General Osrranper. Yes, sir; we will have a total of 5,500 people, 

Mr. Cuenowetu. The Army will have 5,500? 

General Osrranver. No, sir; wein NASA. 

Mr. Cuenowetu. NASA will have 5,500? 

General Osrranpver. Yes. 

Mr. Cuenowernu. You don’t have anything there now? 

General Osrranper. All that we have or will have at the time of the 
transfer are the people which will be transferred from the Army. 

Mr. CuEenowerH. Those people are there now then ? 

General Osrranper. Yes, sir. 

Mr. CueNnowetu. It is just you put them off of one payroll onto 
another 

General Osrranper. That is right. 

Mr. Cuenowetu. Just a paper transaction. 

General Ostranver. Right; plus some recruiting to bring the man- 
power complement up to the 5,500 ceiling. 

ue. Cuenoweru. Will NASA bring in new people there, not there 
now 

General Ostranper. Only to a limited degree. 

Mr. Cuenoweru. How many would you say ? 

— Osrranper. There are about 400 that I remember; there- 
uts, 

Mr. Cuenoweru. They will bring in 400 new employees? 

General Osrranper. Yes, sir; they will be recruited from outside 
and be brought in. 

Mr. Cuenowertu. They are not employees that they have now? 

General OsTRANDER. No, sir. 

Mr. CuEnowetu. These will be entirely new people? 

General Osrranper. Yes, sir. 

Mr. CuEenowetu. What type of people? 

General Osrranper. These are in general contracting people, legal 
people, the support-type people to back up the technical operations. 

Mr. Miuuer. The General Services Administration of the Army, 
Judge Advocate General, that sort of thing, they furnish these things 
for the Army. They are doing this for the present setup. 

Mr. Ducanper. That is a good question, will this decrease the Army 
payroll down ? 

Mr. Mitirr. That is something—— 

Mr. Ducanver. Maybe we had Talia get an Army witness on that 
question. 
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Mr. Mrtter. That is something we don’t know. They can always 
say, if they have some either civilian or judge advocate general officers 
down there doing this sort of thing, that they have always got use 
for them someplace else. da 

Mr. Hecuier. Maybe we can give Mr. Osmers a few buildings to 
dispose of. [Laughter. ] 5 

Mr. Curnowetu. I am trying to find out just what the impact is 
going to be at Redstone in view of this change of administration, 
change of building. 

Mr. Mitter. Judge, there will be an impact due to change of re- 
sponsibility to the setting up of this new organization, and on top of 
that, the thing we have got to consider is the fact that we are stepping 
up this Saturn program 

Mr. Cuenowetu. Yes, I understand. 

Mr. Murr. By a year, which means new emphasis in it, new facili- 
ties required if we are going to do this. 

Mr. Curnowetu. New manpower, additional manpower. 

Mr. Mitter. Not only new manpower, but new facilities, and that 
is the thing we are talking about now. 

In other words, this—right now we are talking about a $4,400,000 
building with all of the facilities, site preparation, and roadways. 
The building itself costs about $3,485,000. The other $1 million for 
the things that go into such buildings, design and engineering, collat- 
eral equipment, communications, and utilities. We were determining 
the necessity for this building. 

Presently this building shown here [indicating] is the headquarters 
of the Army’s ballistic missile group and part of Dr. Von Braun’s staff 
and facilities are located in here [indicating]; this building is one 
that we know, you and I have seen, is bursting at the seams now. 

Now, whether this change had been made or not, and the Army was 
still going to continue the program and you were going to step it up a 
year, they would have to do a lot of expansion. 

So what we are talking about now is building this building [indi- 
eating]. That will take over the functions of NASA. 

Mr. Curenowetnu. I see. 

Mr. Minter. And relieve the Army over here [indicating], and this 
is one, I assume—and it is a pretty safe assumption—that the Army 
would have had to come in ad ask for this building had the team not 
been taken over, or ask for a building, it may not have been this build- 
ing, because now this building has to house many of the functions 
that the service corps of the Army, Judge Advocate General, engi- 
neers and all of this supply as part of the Army will now have tahe 
set up within NASA itself. 

Mr. Cuenowrtu. NASA will have its own separate building. 

Mr. Miniter. That is what we are talking about. This is the build- 


ing. 

Mir, Cuenowrru. Army people will be in a separate building, 
there will be no connection between the two. 

General Ostranprr. No, sir. 

Mr. Azssorr. There should be another point made here. That is 
the reason it is possible to step up the Saturn program that is planned 
maintaining this level of 5,500 people down there, is that certain of 
Von Braun’s missions, or Von Braun’s group, which they now have 
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will be phased out or greatly reduced. These include certain missio 
technical missions with regard to other Army weapon programs, 

It may be necessary for the Army, itself, to otherwise pick up some 
of these with their activities. Other missions include supporting re. 
search activities which will be reduced or phased out completley, de. 
pending on their nature, and for which the Von Braun group wil] 
depend to a large extent on the other research facilities of the country, 
primarily NASA research centers. 

So there will be a considerable change in the character of the work 
in a peripheral nature; that is, not the basic character. So that toa 
very much greater extent than previously, the main emphasis of this 
group will be on the Saturn and other NASA programs. 

Mr. Mitier. The Army, though, is still maintaining its own facili. 
ties down there on its behalf? 

Mr. Aszorr. The Army does have some weapons programs which 
they have to continue. 

Mr. Miter. Which is their business? 

Mr. Assorr. Which is their business. 

Mr. Miter. Not ours. 

General Ostranper. They have been done in the past by Dr. von 
Braun. One other point I should make is that I was down there 
just a week or two ago and I spent some time with Dr. von Braun 
actually reviewing and making a personal inspection for other avail- 
able facilities, or other available space, and there simply isn’t any, 

Mr. Azzorr. No. 

Mr. Curnowetu. The Redstone Arsenal has other activities besides 
the missile. That isan old ordnance depot, isn’t it, Redstone Arsenal! 

General Osrranper. The main job so far as the Army is concerned 
right now is in the missile field, but it includes not only the research 
and development business, but also some of their logistics functions, 

Mr. Cuenowernu. What was it originally built for? 

General Osrranver. It was originally built as two installations, 
one was a chemical warfare arsenal and the other an ordnance arsenal. 

Mr. CuEenoweru. Storage? 

General Ostranper. Storage and I believe some production. I am 
not too sure on this. 

Mr. Cuenowern. How far back does it got 

Mr. Miter. About World War I, doesn’t it ? 

Mr. Assorr. No; World War II. 

General Ostranver. Early World War ITI, I believe. 

Mr. Cuenowetu. What is the normal strength of Redstone? Leave 
out the missile. Before the missile people came in, it was a pretty 
good sized installation then ? 

General Osrranper. Yes; but I don’t know the figures. 

Mr. Cuenoweru. When did the Von Braun team move in? - 

General OstrANDER. 1950. 

Mr. Cuenoweru. Construction work was done then to take care 
of them? 

General Ostranver. Yes, sir. 

Mr. CuEnowetu. Now, that is all filled up and you need more? 

General Ostrranper. That is right. 

Mr. Cuenowertu. As I get it, only about 400 or 500 new employees 

“will go to Redstone as a result of this transfer? 
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ral OstRANDER. Approximately that, yes, sir; other than the 
Yeon are transferred from the Army payroll to NASA. 

Mr. Cuenowern. That will be new employees? 

General OstRANDER. Yes, sir. 

Mr. CuenowetH. Where will you house them? 

General Osrranver. These in large part would go into this new 

ng. 
I mean the housing. 

General OstranperR. Living? They would live in or around the 
town of Huntsville. 

Mr. CuenoweEtH. They would have to live in Huntsville? 

General OsTRANDER. Yes, sir. 

Mr. Muzer. There is no housing—— 

Mr. CuenoweEtu. No housing on the base ? Ly 

Mr. Miter. No, sir; there is military housing for military person- 
nel, but none for civilian employees. 

Mr. Cuenoweru. They will have to go to Huntsville? 

General OstrANDER. Yes, sir. 

Mr. CuENowETH. What is the picture there? ( 

Mr. Gueason, It is all right, sir. There is housing in the city. At 
least that is what the chamber of commerce tells us. 

Mr. Mutter. That would be up to the city and the other people, 
Public Housing Administration and that sort of thing which would 
not concern us. j 

Mr. Cuenoweru. This transfer is going to be made when, April 1? 

Mr. Mixer. July 1? 

General OstRaNpeR. July 1 will be the official transfer date. In the 
meantime, assuming that Congress approves this request, we will be 
making all of the plans. It is easier to transfer on July 1 because of 
the fiscal financial arrangements. 

Mr. Miter. When will you have this new building? 

General OstrANDER. In 20 months on this particular building. 

Mr. CuenowetTu. Is it going to be a pretty crowded, congested situa- 
tion up until that time ? 

General OsrraNper. It certainly will; yes, sir. 

Mr. Cuenowetu. Nothing you can do about it? 

General Ostranper. I don’t know of a thing other than to expedite 
the building of this building just as fast as we can. 

Mr. Mitter. Any further questions ? 

Mr. Cuenowetu. No. 

Mr. Miter. All right. We will go on to the next one, “Dynamic 
test facility.” 

General Osrranper. This, again, is very closely tied to the Saturn 
program. Now, this facility is shown on page 391 and the purpose 
of it is to be able to erect the entire Saturn missile, including the three 
stages—the present Saturn booster and the upper stages which are 
powered by hydrogen and oxygen—and to check out both in a fixed 
position, as it would be when mounted on the launch stand, and also 
m a free position, suspended from cables, which would simulate the 
conditions which the missile would undergo in actual flight. In other 
words, we can set the Saturn up on a base and we can check out the 
release arms which hold down the vehicle and release at the time of 
launch; we can check out fueling techniques, for example; we can 
work out methods for ground crew training for assembly. 
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I think a very good explanation of the need for this was the anal 
that Major Hammond gave yesterday on this problem of alinement, 
where you have the tin cans sitting on top of each other. In this cage 
you have tin cans, the largest of which is 70 feet long and 21 feet in 
diameter, the upper two contain liquid oxygen and liquid hydrogen at 
temperatures of down to minus 100° F. All of this is pushed at the 
base by 1,500,000 pounds of thrust with temperatures at the 3,000° ¢, 
level. So that the problems of precise alinement of these sections and 
the problems of bending moments and the resulting stresses due to 
maneuvers or windgusts in flight place stringent demands on vehicle 
structure. The primary reason for the design of this facility is to 
simulate these conditions as nearly as possible on the ground, to insure 
the structural adequacy of the vehicle before it is flown. It is aground 
simulator for flight conditions. 

Mr. Ducanver. This couldn’t be done on a test stand, could it? 

General Ostranpver. No, sir. The problem on a firing stand is that 
there you must have the vehicle fixed in position. In order to simulate 
the conditions of flight you must have it as nearly as possible free in 
space. In this case we are able to suspend the missile on cables and 
then test its reaction to imposed forces. 

Mr. Asporrt. I think it might be noted that this dynamic test facili- 
ty was also one of the facilities orginally budgeted in the Department 
of Defense in support of the Saturn project. 

Mr. Hecuter. I understand there are several different version of 
the Saturn and I wonder if this facility is going to be useful for all 
different versions of the Saturn. 

General Osrranpver. This is for the first or so-called C-1 version. 
However, you will notice on your sketch on page 391 that as we go into 
the later and larger versions, this is capable of extension upward to 
take care of the larger version. 

Mr. Hecuier. Could you elaborate a little bit on what that would 
involve, the extension upward, in terms of general—not specific costs, 
but the general work that needs to be done on it. 

General Ostranver. I can’t give you any very good estimates on 
cost at the present. 

Mr. Hecuter. I don’t mean cost, I mean just what in general, physi- 
cally ? 

General Osrranver. Yes, sir. It simply means extending the steel 
structure by about three more bays, which this is just standard com- 
mercial steelwork, and then placing your crane on the top of this 
structure. 

Mr. Hecuter. What we are concerned about, of course, is whether 
adequate preparation is being made for the future, whether this would 
mean entirely new structure or not. 

General Osrranver. All of the foundation and all of the existing 
steelwork is designed to take the stresses required when you extend 
it to take the final version of Saturn. 

Mr. Mittrr. That I think is the usual procedure. 

General Ostranper. Yes, sir. 

Mr. Mirier. Any further questions? 

Mr. Hecuter. No. 

Mr. Ducanner. No, sir. 
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Mr. Miter. All right. We will go on to the next one, the pressure 
test cell, $650,000. 

General OsrranpveEr. This again is directly connected to the Saturn 

rogram and again is one of the items which would have been in- 
eluded in the Army 1961 budget. 

This is simply a room, a strongly built room in which we can run 
tests at the high pressures which are involved in the vehicle, both 
hydraulic and gas pressures, to determine that our structure in the 
missile is sufficient to withstand the pressures for which it is designed. 
We have to have a separate room and a strongly built room so that 
incase of a failure it won’t destroy the building. 

Mr. 

Mr. DucanpeR. No. 

Mr. Hecuter. No, sir. 

Mr. Miutier. We will go on to the next one, “Extension of the as- 
sembly building.” 

General Ostranver. This is one of the items which I mentioned at 

the outset where we are simply faced with conducting familiar opera- 
tions on a greatly enlarged scale. As you know the first stage of the 
Saturn has been designed, developed and is being built by Dr. von 
Braun’s people at Huntsville. They have currently limited assembly 
space to put the parts of the vehicle together. In the past they have 
been working on smaller missiles, the Jupiter, the Pershing, so on. 
We simply are running out of places to assemble the much larger 
Saturn vehicle. 
- You will notice on page 397 that this is an extension or a section 
joining two of our existing assembly buildings, so that it will make 
available both the existing space and additional space which is shown 
in black. 

Mr. Mitier. Where is this building on the master plan? Is this 
Building C ? 

General OsrrAnpDER. Yes, sir. C, which is in the upper left-hand 
corner. 

Incidentally, there is a list in the lower left-hand corner of your 
plat plan of = ie various items. It lists all of them, I think, with the 
exception of the last one which we will come to. This, in addition to 
our checkout building, is also located at point B in the upper left. 

Mr. Asporr. It should perhaps again be noted that this was one of 
the items originally included in the Army budget. : 
General Osrranper. Yes, sir; that is correct. 

Mr. Ducanper. Yes. 

Mr. Miturr. This is for $214 million. 

General Ostranper. This will give us approximately 77,000 addi- 
tional square feet of assembly area. 

Mr. Mitirr. Incidentally, I was going to suggest that in the future 
I think that in the case of buildings it would be well to show in the 
eee the areas, number of square feet that you are going to get 
in buildings. 

Geietal Gocnanven. These data are listed on page 396. Unfor- 
ag A we didn’t total it, but it does come to that—— 

Mr. Miter. That is all right. I say generally in the case of the 
other services before the Armed Services Committee this is always a 
requirement, the square footage of the buildings and quite frequently 
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the historic costs for installations and buildings are shown and the 
things that you are adding to them so that sooner or later, I imagin 
we will have to go into those things here so that we know the overalj 
story of costs at Huntsville, Canaveral, or any of the facilities, so that 
we know what we are adding to them or what we are taking away 
from them. 

I would suggest that for the future you talk to Mr. Ducander, | 
am certain he could advise you as to what the practices have been over 
— I think we will want to follow pretty much the same practices 

ere. 

Mr. Assort. Yes, sir. 

General Osrranper. Yes, sir. 

Mr. Mitier. Have you any questions? 

Mr. Hecuurr. As i understand it, when the Army worked op 
Jupiter it contracted out with private industry for the assembly of 
some of the vehicles. 

General Yes, sir. 

Mr. Hecuuer. I just wondered whether the Saturn program was 
going to be worked in any respect the same as that, or what is your 
overall philosophy about that ? 

General Ostranper. At some rate of production it may be desirable 
to go out on contract for the first stage of Saturn. The first st 
incidentally, is the only part of the program which will be actaalll 
fabricated at Huntsville. The upper two stages will be on contract 
to industry. 

At the present time because of the relatively low rate of production, 
we don't feel that it would be economical to contract for first-stage 
production. For example, if we went out right now and attempted 
to get a commercial firm to produce this stage, rather than continue 
to produce it at Huntsville, my ewes is, an { wouldn’t want to be 
held to this figure, that we would probably have to pay something 
in the neighborhood of $50 to $60 million for facilities to set up 
industry to be able to produce this stage. 

Mr. acceen: I ok this question to relate it to the specific con- 
struction ep for this aenenaDly building to discover what your 
future overall plans are as related to this assembly building. This 
assembly building in the future will provide sufficient space for as- 
sembly of Saturn vehicles, is that right? Or how does this relate 
to your contractual plans? 

neral OsrranveR. It will provide us sufficient assembly space to 
meet the current program through the development of six vehicles a 
year, which is the most that we reach in the present program. If 
we go much beyond that we would presumably have to go to industry 
or have additional fabrication space here. I think our decision as to 
whether to continue to fabricate them at Huntsville or go to industry 
will depend very largely, as time goes on, on our total requirements 
for Saturns. In other words, if the program gets large enough, then 
it will probably make it economically desirable to go to industry. 

Mr. Hecuter. In presenting this budget for the assembly building 
you have taken into consideration this overall relationship? 

General Ostranver. Yes, sir. 

» Mr. Mirier. All right. That is the $2,500,000. The next one is 
the addition to the engineering building. 
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General Ostranver. This, again, is primarily a result of the stepped 
up activity in connection with Saturn. This is the building in which 
we do all of our so-called structures and mechanics work. It is where 
we do our feasibility and design studies on missile structures, where 
we do research and development and design of propulsion systems 
and propellant-feed systems and so on. 

The current building in which these people are located has only 
about 32,000 usable square feet of space. We have about 600 people 
in that building, which means that there is an average of about 50 
square feet per person. That is about the size of this table, I should 
think. Again the problem is one of congestion. We just must have 
more space for these people to work with the stepped up program. 

It involves, as you can see, an addition or a connection from the 
existing facilities at the second floor level to a new five-story roar 
which is located somewhat to the east of the — building. An 
also the people that are assigned to this laboratory currently are 
located in various buildings scattered around as far as half a mile 
from the central building. 

With the construction of these new facilities we will still have only 
120 square feet per person. 

Mr. Ducanver. Doesn’t that seem like a long time, 15 months, to 
build an addition like this? 

General Ostranver. Based on my experience with this kind of con- 
struction I would think this would be fairly optimistic. 

Mr. Ducanper. Is that right? 

Mr. Hecuter. Are you through? 

Mr. Ducanper. Yes, sir. 

Mr. Hecuter. As I look at this chart on page 400—is that a chart? 

Mr. Mitier. The black is the new building, the hatched is the bitu- 
minous pavement, parking area. This dotted portion is the addition 
to the building. 

Mr. Hecuuer. It seems to me to be a rather slender threat connectin 
the proposed building with the existing building which to my mind 
wonder whether — could justifiably call it an addition. 1 know it 
sounds good tocall it an addition. 

- Assorr. I am afraid the addition is more functional than phys- 
ical. 

Mr. Hecuter. It is sort of like saying, when you build an under- 
ground tunnel between the Capitol and House Office Building, that 
it is an addition to the Capitol ? 

General Ostranver. I am afraid I can’t answer as to why the build- 
ing was laid out in this way. 

. Hecuier. I am not challenging how it was laid out. I am just 
wondering whether it is a new building. 

Mr. Mitrrr. It is a new building—a rose by any other name is just 
as sweet. 

General Osrranper. It is an addition in the sense that the same 
people will use both buildings for the same functions. 

r. Mmier. Have you any other observations ? 

Mr. Hecuierr. No, Mr. Chairman. 

Mr. Ducanper. No, Mr. Chairman. 

Mr. Minter. All right. We will go on then to the “Completion of 
the guidance and control building.” 
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This, I trust, we can call an addition. 

General Osrranper. Yes, sir; I think this is more nearly an addi- 
tion that ties to the existing building. This is almost exactly the 
same circumstance as in the previous item. In this guidance and 
control laboratory we develop all of our inertia and radio guidance 
systems. 

Here we have our laboratories for infrared and optics and photo 
work. We doa certain amount of work on solar batteries for power- 
ing the equipment in satellites, on microwave components, on our 
tracking systems, and our hydraulic servomechanisms. Here again 
in the existing facility we are simply running out of space, and with 
the increased tempo of the program we are going to have to have more, 

In addition there is a certain amount of reorientation in the type of 
work, the detail of the work that these people do. In the past they 
have been building guidance systems for military vehicles which—[ 
probably wouldn’t have said this when I was working on them—are 
sometimes relatively simple compared to the precise guidance systems 
that we need for some of our space vehicles. In addition we get 
into the problems of the actual control and stabilization of the space 
vehicle, itself. So there is a certain amount of reorientation in the 
work, but in general it is simply a matter of the program expanding, 
as a result of which we are running out of laboratory space. 

Mr. Miner. Well, as an old engineer since World War I, when I 
was out to NASA at the Ames Laboratory they showed me a platform 
they were building which had to be stabilized within one-tenth of 1 
second of arc. I remember reading fer years if you could turn an 
angle into degrees sometimes down to 15 minutes, you thought you 
were doing pretty good, but when they told me they had to stabilize 
this thing within one-tenth of 1 second, that is remarkable. I think it 
is part of the satellite that they will use to take astronomical pictures, 
I suppose you are familiar with that. 

General Osrranper. Yes, sir. 
Mr: Murr. I quit on refinement there. [Laughter.] 
| Incidentally, about one-tenth of 1 second oat be the angle sub- 
tended by 18 inches at the end of a radius of 400 miles or so. 
. General Osrranper. These’ people have to work to some amazing 
accuracies. 

Mr. Mixer: So you get down pretty fine. : 

Mr. Assorr. This is why you find that at the Ames Laboratory, 
which is a research laboratory, where we are trying to find out how 
this sort of thing can be done, In the final analysis it will be neces- 
sary for this to be done by industry or by places like Huntsville or 
Goddard or others. 

Mr. Miter. When you get down into that stuff, my friend, as far. 
as I am concerned, you can do it inhouse, in the Government, better 
than they can in other places. 

Mr. Apsorr. Yes; some can be done in one way better and others in 
another way. 

Mr. Miter. I will go along with doing it in our own laboratory. 
This is the kind of probing and pioneering that you can’t do under the 
gun and under the impetus of making a profit. The guys who do this 
have to be pretty dedicated guys in my book. 
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All right, then, we will go on to the addition to the fabrication 
jaboratory. Do you have any questions? 

Mr. Ducanper. No, sir. 

Mr. Muter. I won’t ask you each time; if you have anything, you 
come in. 

Mr. Ducanper. Yes, sir. att 

Mr. Mutxer. Addition to the fabricating laboratory. This is pretty 
much, I assume, the same story. 

General OstraNveER. Exactly the same story, and relates almost 
directly to the remarks that I made on the assembly building. This 
ig the laboratory building in which we actually fabricate, actually 
make, the parts of the Saturn and then in turn assemble them in the 
assembly building. Here we need more space because of the bigger 

icle. 
“— Mutter. The next one is the addition to the checkout building. 
This comes into a pretty good sum of money, $414 million, 

General Ostranper. This is the third in the series of buildings re- 

quired as a result of the Saturn ee First, the fabrication 
building in which we build the parts; second, the assembly building in 
which we assemble them; and third, the checkout buildin . In this 
building we are able to put a complete Saturn vehicle and simulate 
on the ground, first, the mating of the hydraulic lines, electric lines, 
and tankage itself, and then completely check out on the ground 
the operation of both the propulsion equipment and the guidance 
equipment included in the vehicle short of firing the engines. 
- It is in this building that the vehicle is finally ground checked before 
it is taken to Canaveral and launched. This, again, is purely a matter 
of having sufficient space and sufficient equipment in order to house 
and et out these large vehicles. 


Mr. Miter. Of course, this has got to be a pretty good-sized build- 
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ing. 
Osrranper. Yes, sir. 

Mr. Ducanver. It holds the whole Saturn in it, doesn’t it ? 

General Ostranper. Yes, sir.. The whole Saturn will, in the first 
configuration, be something in excess of 150 feet long, 20 feet in 
diameter, and some versions get even longer. 

Mr. Mitier. How about the size of the buildingt What is the size? 

General Ostranper. The new addition is about 200 feet—a 200-foot 
extension of the building that you see on page 411-2. 

Mr. Azporr. 110,00 square feet. 

General OstrANDER. 110,000 square feet. 

Mr. Murer. Where is that on the plat? 

General Osrranper. On the plat plan this is the one which is not 
shown but which I mentioned is located at the same point as B in the 
left-hand corner. 

r. Mrtter. B; that is the one. 

And, of course, this building would be one that would have had to 
have been built anyway ? 

General Ostranpver. Yes, sir. 

Mr. Mier. Although this wasn’t in the Army funding. 

General Osrranver. No, sir; this one was not in the Army funding. 
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Mr. Axsporr. The original ising funding was connected with the 
program as conceived at that time before the step-up. 

Mr. Miter. Before; yes. 

Well, that takes care of Huntsville. 

Mr. Ducanner. Yes. 

Mr. Mitier. So you know the type of things that we want, things 
we need to support this budget. 

General OsrranpER. Yes, sir. 

Now, we move to Cape Canaveral. 

On page 412 you have the plat plan of Cape Canaveral itself, which 
I am sure you are familiar with. The two areas that we are concerned 
with today are in the extreme upper portion of the map and in about 
the center part of the map where the little inset is shown. The first 
item, which is the Saturn launch complex, is located in the far north- 
ern or far top portion, and this consists of completing the Saturn 
launch complex which is currently under construction. Now, the rea- 
son that we have run into need for additional funds on this is primar. 
ily because at the time that the Saturn launch complex was designed 
and initiated, the exact configuration of the upper stages, not the first 
stage, but the two upper stages, was not yet firm. Since that time the 
upper stage configuration has been firmed up and it will use, as I 
mentioned, hydrogen-oxygen propulsion systems. We were not able 
to define in detail the exact instrumentation and checkout equipment, 
nor were we able to anticipate certain auxiliary requirements such as 
hydrogen storage until this configuration was firmed up. 

This additional money, $2,250,000, is for the purpose of providing 
this additional equipment, now that it has been defined. 

Mr. Ducanver. Again, the Army would have had to have spent this 
money. 

General Ostranper. Yes, sir. 

Mr. Axnzorr. As a matter of fact, this item was included originally 
in the Army budget. ; 

Mr. Mruerr. in right; the same thing that you are going to do 
with Huntsville, show for Canaveral. If the Army did fund it, let’s 
have it, because that would be helpful to us. 

General Osrranper. Yes, sir. 

Mr. Ducanper. I notice as we go along that there is a new Saturn 
launching complex. You are going to have two, then? 

General Osrranper. We are going to have two. This is based on 
the same concept as the static test stands at Huntsville. 

Mr. Ducanper. Yes; because it would be catastrophic, as you said 
before, if one of them was blown up and then you didn’t have another 
one or backup. 

Mr. Miter. That is right. 

General Osrranver. Yes, sir. 

Mr. Miuuer. The next item here is the escape mechanism, $300,000, 

General Osrranver. Now, this and the following item, which is the 
hydrogen storage and fueling system, are some of the auxiliary facili- 
ties which we simply could not define at the time of the design of 
the original launch complex. The escape mechanism is required be 
cause these people are working on what 1s essentially a 30-story build- 
ing. They are working around a missile fueled with hydrogen and 
oxygen which is an extremely flammable and explosive mixture. 
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they had to rely upon existing elevators, ladders, or other means of 
escape, they could not escape in time in case a fire broke out. This 
mechanism consists of an endless belt with a series of platforms upon 
which the people working on these five upper servicing platforms can 
hop on and be transported rapidly downward to the base of the tower 
at which time they fall on an endless conveyor belt and are carried 
well away from the fire area at the base of the tower. 

Mr. Miter. It is one of those things—it is a probability of escape 
if anything does happen ? : 

General Osrranver. Pardon, sir? 

Mr. Miter. I say, the probability of escape—if anything does hap- 

n—is there. 

General Ostranver. I think with this the probability would be very 

, but without it they would just be caught. 

Mr. Miter. Without it they are gone? 

General OstranverR. Yes, sir. 

Mr. Mitier. Even with it, it is rough? 

General OstranveR. It is rough; but I think we could probably get 
all of our people out. 

Mr. Miter. Hydrogen system; this is the story—handling of 
hydrogen. 

leeaccel Ostranver. Yes, sir. This is required because of the de- 
cision to use hydrogen and oxygen engines in the upper two stages. 

Mr. Mriter. Do you have anything? 

Mr. Ducanver. No. It is obvious that is necessary. 

Mr. Mitter. Now, the new Saturn launching complex. 

General OstranvER. This, as I say, sir, is based exactly on the same 
philosophy that we use at Huntsville on our static test stand. First 
of all we must have it if we are to meet the launch schedule under the 
expedited Saturn program. Our launch rate builds up to a rate of 
six per year. These vehicles have to be on the stand for a period of 
3 to 4 months for checkout before they are launched and we simply 
can’t launch the vehicles that we are going to build without two stands. 
In addition, there is this question of backup in case of a catastrophic 

losion. 
r. Minter. And this is brought about, too, by stepping up the 
rogram ? 
" eneral Ostranper. Yes,sir. It is a direct result of that. 
Mr. Ducanper. Even so, probably you would have to have it, 
— you, if you wanted to take care of the accident that might 
appen 
sient Ostranper. It would be highly desirable. If you wanted 
to avoid a probable year or more delay to your program, it is very 
desirable to have it. 
_ Mr. Minter. You just got back in time. We are on this $21 million 
item. 

Mr. Hecuter. Yes. 

Mr, Minter. What is the—railroad and service structure, I see— 

General Ostranpver. If you will look on page 415-10, this entire 
servicing structure which surrounds the missile during the time of 
preparation and checkout is then mounted on heavy-gage railroad 
snr and it is pulled back away from the missile at the time of 

aunch, 


Mr. Ducanper. Where is the new one going to be? 
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General Osrranver. If you look on page 415-7, at this plat plan jn 
the far left-hand side of your page at the north end of the cape, you 
notice listed there Saturn area. 

Mr. Miter. Saturn I and Saturn II, 

Mr, Ducanper. Oh, yes. 

General Osrranper. Saturn I is the one which is currently under 
construction and for which we are requesting the additional funds 
for completion. 

Saturn II is farther north and we have to place it this way beca 
again, as at Huntsville, we could not use a single blockhouse for two 
launch pads as has been done in the past because of the blast dangers, 

The blast of this missile of this booster is equivalent to something, 
I think, in the neighborhood of 75,000 pounds of TNT and safet 
distance criteria are the reason for the separation of the second hes 
complex from the first. 

Mr. Mixxer. This one is almost getting pretty far north in Cape 
Canaveral ¢ 

General Ostranver. Yes, sir, this is about as far as you can go, 
I think the actual end of the Government land is just about at 
end of your picture here. 

Mr. eam. Off the record. 

( Discussion off the record. ) 

Mr. Mitier. Judge, you are here ma in time. We have been 
through the matter of completing or changing the one Saturn stand. 
Now, this is a completely new stand for the Saturn. It is well 
documented. 

Mr. CuenowetH. What page is it on? 

Mr. Miter. Well, you can start at 415-6. There are a number of 
pictures. There follows the same reasoning—this is a completely 
new facility; an alternate facility, You have one, but stepping up 
the program, and the number of months that these things have to be 
in use—it is a complete new facility, so you have two; if you lose 

ne you still have one to go. ! . 
- Mr. Cuenoweru. This is at Canaveral just for testing? 

Mr. Mituer. No, this is the launch pad. 

Mr. Curnowern. This is the one that does the business. 

Mr. Mituer. Yes, sir. 

Mr. CuenowetH. Do you have any there now / 

General Osrranpgr. We have one under construction. 

Mr. Curenoweru. Not like Vandenberg, where you have got one 
ready to go? 

General Osrranper. No, sir. 

Mr. CuenowertH. You are not that well along ? 

General OstrRaNDER. No, sir. 

Mr. Mutter. Of course, at Vandenberg, there are deployed weap- 
ons. 

Mr. Curnowetu. They have one ready to go there. 

Mr. Miuuer. Thatisright. This is for the moon probe. 

Mr. Curnowetu. No, I mean for some military significance. 

General Ostranver. This has no connection with the military pro- 


gram. 
Mr. Mitter. This is the space program—the moon. 
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General Osrranper. The space program. The one under construc- 
tion at Cape Canaveral at the present will meet the schedule of our 
first launching, which is in calendar year 1961. 

Mr. Cuenowetu. First launching of the Saturn. 

General OsrraANDER. Yes, sir. 

Mr. Mutter. I don’t think the judge was here when you gave us 
this stepped-up program that the President has announced and has 
sent money down for. ! 

- General OstrANDER. Under the expedited program which has been 
roposed to Congress by the President and for which he has requested 

$113 million, we step up our availability of an operational Saturn 

byaboutlyear. 

In other words, in calendar year 1962, instead of launching two 
Saturns, we would launch three. In 1963, instead of launching three, 
we will launch five. In calendar 1964, instead of launching four, we 
will launch six. 

This isa general idea of the expedited program. 

Mr. Cuenoweru. When is the first one ? 

General OsrranverR. First one 1961—about the middle of the cal- 
endar year. 

Mr. Miter. It takes nearly 2 years to build this stand. And by the 
time you get into this 1963 program, how long do you say these are 
on the stand—about 4 months ? 

General Ostranver. About 3 to 4 months, as I remember, is the 
present period. 

Mr. Miuer. So that to get them off, you have to have two stands, 
and you have two stands against the contingency that something may 
happen. 

Mr. CHENOWETH. You are talking about an operational Saturn? 

General Osrranper. I am talking about the development testing of 
the Saturn. 

Mr. CHENowETH. Still on the testing? 

General OsrraNpDER. Yes, sir. 

Mr. Cuenowetu. When do you expect the first operational one? 

General Ostranver. Under the present plans, about the second 
quarter of 1964. 

Mr. Curnoweru. Is there any chance to step that up a little? 

General Osrranver. I think not. 

Mr. Mitier. We are going pretty fast now. 

General Osrranver. I think, with the additional funds which the 
President has requested, we are stepping the program up to the maxi- 
mum that we can and still retain a reasonable, well-organized program. 

In other words, anything beyond this would be a crash program into 
which we would have to throw in additional funds which perhaps 
could not be used as wisely. 

Mr. Cuenowetn. If you are going to launch your first Saturn next 
year, why would you have to wait 3 years to put it in operation ? 

General Osrranprr. The program consists of three launches with 
only the first stage. The two upper stages would consist of dummy 
stages, simply to provide the weight and the structure. 

‘The second three launches would consist of the first two stages 
with a dummy third stage, then approximately four launches of the 
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complete three-stage bird to check them all out together and at that 
point we would consider it operational. 

Now, this is an awfully hard line to draw, because it depends entirely 
upon our success during the development program. It is conceivable 
that with good luck, we might have what we consider an operational 
bird prior to this time. 

Mr. Cuenoweru. What are you going to do in 1961, what are you 
going to launch? 

General Osrranper. We will launch one and this will consist of the 
first stage, 1,500,000 pound thrust. 

Mr. Mitirr. This isthe big thrust. 

Ras CueEenowetuH. That is all you are going to do is just test the 
thrust. 

Mr. Murr. That is all in 1961; yes, sir. 

General Ostranper. Right. 

Mr. Cuenoweru. What is the next step ? 

General Osrranper. The next step, we will have three of these 
launches, the next step will consist of the first stage with the 1,500,000- 
pound thrust and the second stage with the hydrogen-oxygen engine 
and with a dummy third stage. 

Then from there we go to a configuration where we have all three 
of the stages operating together. 

Mr. Cuenowetu. If your 1,500,000-pound thrust is successf 
haven’t you then accomplished your main objective in the Saturn! 
The other thing—which is the most important, the thrust. or what 
follows there? Where do you think you are going to have the most 
difficulty ? 

General OstranpER. You have to have all of them in order to do 
the job that we need to do with Saturn. In other words, in order 
to carry the payloads which are required by the Saturn program, you 
must have developed all three of these stages. There are certain 
interim jobs which we could conceivably do and probably will do in 
connection with the testing of the two-stage version. 

However, to do the jobs in our program we need all three stages. 

Mr. Cuenoweru. Couldn’t the three stages be going forward 
simultaneously ? 

General OstranperR. Yes, sir. 

Mr. Muuer. They are going forward simultaneously ? 

General Ostranver. However, the first stage as you know, was 
initiated in 1958, and is well underway. We now have asked for pro- 
posals from industry for construction of the second stage and very 
shortly we will do the same on the third stage. 

Mr. armen Will different people be working on the different 
stages 

General Osrranver. Yes, sir. 

Mr. Cuenowetu. I can’t see why you are going to have to wait 
until 1964, then. It seems like an awful long time. 

Mr. Miter. I think, Judge, this isa very big job. 

We should have tackled it maybe years ago. 

General Osrranper. To begin with, sir, we are, in the upper two 
stages, using hydrogen and oxygen propellants. This is a relatively 
new technology, although we have had very good success to date in 
accumulating over an hour of running time on an engine burning 
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hydrogen and oxygen. This, incidentally, may not sound like very 
much, until you consider that the engines will only operate only a 
few minutes in actual flight. 

In addition, we have to incorporate this engine into a complete 
upper stage. We have to design in the guidance, we have to learn to 
mate the stages together and work out the alinement problems. Each 
stage must be tested individually and all must be assembled before we 
have a complete vehicle. It isa program which is highly sophisticated, 
highly complex, and it simply takes us this amount of time. 

. CuenoweETH. Is work going forward now on all three stages? 

General Osrranper. Work is currently underway on all three stages. 
By that, I mean the first stage is currently under construction, and 
nearly ready for test at Huntsville. We have gone to industry for 
bids on the second stage and in the very near future we will go to in- 
dustry on bids for the third stage. 

Mr. CueNowetu. Who is doing the first stage? 

General OstraAnver. Huntsville, themselves. 

Mr. Curnoweru. They are doing that ? 

General OstranverR. Dr. Von Braun. 

Mr. CuENoweETH. But the other two will be contracted out ? 

General OstranpER. The other two will be contracted out. 

Mr. Mitter. Now, don’t talk about—— 

Mr. Cuenoweru. We have some excellent sites in Colorado to do 
this work. 

Colonel Heaton. I think it is wise to emphasize strongly the im- 

rtance of having backup launch facilities because of the time which 
would actually be lost should we have a catastrophic explosion. We 
have had some experience, of course, in Cape Canaveral already with 
some of those explosions and the time required to repair a badly dam- 
aged facility. At least 9 months’ delay could easily occur in a very bad 
explosion. 

n gaging the importance of a second launch facility one should 
consider that each of these vehicles costs in the same order of magni- 
tude as the complete launch facility we are talking about and a 9- 
month delay means about $80 to $100 million worth of lost time 
in terms of just the missiles alone. 

Mr. Mitier. That is the very thing we are fighting for right now, 
lyear, and we could easily wipe out the entire gain if you had one loss. 

Colonel Heaton. Yes, sir. 

Mr. Mitirr. And you would still have to go back and spend this 
much money putting the pad into operation. 

Colonel Heaton. Yes, sir. 

Mr. Cuenowetu. What does one of these pads cost? 

Mr. Mitter. $21 million. 

Mr. Cuenowern. You say that could be wiped out? 
_ Colonel Heaton. Not the whole amount would be, but the time 
involved is what I am talking about. 

Mr. Mitxzr. It would take 9 months to rebuild it. 
_ Colonel Heaton. To rebuild the damaged portions and get it back 
in a serviceable condition. 

Mr. Cuenowertnu. Has that been your experience at Canaveral? 

Colonel Heaton. Yes, sir. We had an explosion which was fairly 
severe on pad No. 12, and I don’t recall the exact number of months 
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for getting that one back into shape, but it was an extensive periog 
of time, and this was a much smaller vehicle than Saturn. 

Mr. Miiier. How many pads do you have there now ¢ 

Colonel Hra‘ron. There are four at the present time. 

on Miuer. So that you have duplicate pads for all of the other 
units 

Colonel Hearon. Yes, sir; many more than that. The same ap- 
plies to the Titan program. 

Mr. Mirier. You have how many Titan pads? 

Colonel Heaton. Four of those. 

Mr. Miiier. You are only asking for two of these? 

Colonel Heaton. That is right, sir. 

Mr. Hecuurr. I just want to underline in addition to the 20 million 
that you the 8 million. 

General Osrranper. Yes, sir. What we are attempting to do here 
within the limits of our funding is to build those items which are 
long leadtime and which we would most badly need in case of this 
catastrophic explosion. Some of the additional short leadtime in. 
strumentation items and some of the supporting facilities, such ag 
the hydrogen storage, the liquid oxygen storage and the subsidiary 
activities surrounding the launch pad will have to be funded in 1969, 

Mr. Hecuier. How high a vehicle can this test facility take? 

General Osrranper. This particular one will take the C-1 which 
would be probably in the order of 160 feet, thereabouts. The founda- 
tions and the structure is built so that it can be extended for the later, 
larger versions, just as the Dynamic test facility was at Huntsville. 

Mr. Hecuter. You are fully satisfied, then, that the current plans 
for construction could take care of the new Saturns? 

General Ostranper. Yes, sir; it is designed for that purpose. 

Mr. Hecuter. I wonder if you could state for that inquisitive in- 
stitution known as the “record”, just how you would define with 
reference to Saturn, “operational” ? 

General Osrranver. This, as I mentioned to Mr. Miller a moment 
ago, is an awfully hard line to define precisely. It is the point at 
which we are fully confident that all elements of the system are suffi- 
ciently reliable so that we are willing to risk very expensive and very 
important payloads because of a high degree of probability of success. 

fr. Hecuier. How high a vehicle can you service at the second 
Saturn launching complex? 

General Ostranper. The current structure—you mean in terms of — 
height on the pad, sir? 

Mr. Hecuuer. Yes. 

General Osrranver. The current structure that I remember is about 
205 feet. I don’t know whether I have that figure here or not. 

Colonel Heaton. They use the term 30-story building. 

Mr. Hecuier. Yes, I see that. 

General Osrranover. I believe the figure is 205 feet clear space, with 
potential for adding, I believe it is, two more of these sections that 
you see on page 415-10, to the top of the servicing structure to ac- 
commodate any larger versions of the Saturn. 

Mr. Hecuuer. Have you thought about hurricanes? 

General Osrranpver. Yes, sir. This is designed to withstand the 
hurricane loads that. are expected in the Florida area. 
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Mr. Hecuuer. As in Colorado, we don’t have hurricanes in West 

irginia. 

a Cuenowetn. That is right. 

Mr. Miter. Or in California. ‘ 

General OsrranvER. We put a great deal of time into the design 
for just this purpose. This ties in with our requirements for pro- 
tection against blast in event of an explosion. 

Mr. Cuenowetu. Off the record. 

(Discussion off the record. ) : 

Mr. Cuenowetu. Saturn is being designed for the big shots? 

General OstraNvER. Yes, sir. 

Mr. Cuenowetu. It has no military significance ? 

General Ostranver. Not at this point, sir. It is conceivable that 
the military may establish requirements, but at present, it is being 
primarily designed for our civilian space exploration program. 

Mr. Mitier. Civilian space exploration. We want to put up these 
weather stations. 

Mr. Cuenowetu. We seek to recover some of the lost prestige 
occasioned by the first sputnik? Is it to appease our vanity here? 

General Ostranver. One of the primary programs the Saturn would 
be pointed at would be manned lunar exploration. In other words, 
the possibility of putting man actually in orbit around the moon and 
returning him to the earth. 

And in addition, the so-called soft landings on the moon where we 
can land approximately 9,000 pounds of scientific equipment which 
would set up either a stationary or a mobile exploration station on the 
moon to determine some of the composition and characteristics of the 
moon. - 

Mr. Cuenowetu. These are really for the big shots, then ? 

General Ostranper. Yes, sir; these are tremendously large pay- 
loads. 

Mr. Cuenowetu. Of course, we come back to the original question 
now, the controversy has never been fully settled as to whether we 
should put more emphasis on the military or on the civilian develop- 
ment of space. 

Mr. Miuter. It is a good deal like developing the airplane or the 
motortruck. It had its impetus in World War I. 

Mr, Cuenowetu. General Medaris was very critical yesterday, 
dividing our shots too thin. 

Mr. Mitter. He was that, but he was also very emphatic about the 
fact that we should get on with the Saturn; most. emphatic. 

General Osrranver. I might point, out in this particular area of 
our program, that is the area of launch vehicles or boosters, we have 
had and expect to continue to have a very close and a very good rela- 
tionship between NASA and the Department of Defense. 

We have formulated jointly the national launch vehicle program. 
We have a number of projects which we are either using or developing 
jointly. I work constantly with people in the Department of Defense 
on making sure that we both use the same type of vehicle, 

I think there is good coordination. 

_ Mr. Crenowern. Now, we are engaged in Saturn, it is not in any 
way interfering or retarding what we are doing with Atlas or Titan? 
eneral Ostranper. Not in the least. 
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Mr. Mutter. Contributing to them. 

Mr. Cuenowetu. The argument is being made here that we ought 
to get more Atlases built and operational, get Titan ready for opera. 
tion, which I understand is next year. Every day that is the No, 1 
question here in Washington, just where we are and what we are 
doing, how far the Russians are ahead and when we are going to 
catch up, when we are going to fill the gap. 

Mr. Mutter. This is helping to fill the gap, close it. 

General Osrranper. I can see no possibility of the Saturn program 
impinging upon or slowing up the ICBM programs. 

Mr. CuHEenowetH. Except to the extent that the energies being 
pushed into Saturn could be devoted to something else. 

General Ostranper. True, but to date, I don’t think that lack of 
either industrial or engineering capability has been the limiting point 
on our programs. 

Mr. Cuenoweru. The Saturn is going to be the No. 1 project for 
the Von Braun team ? 

General Osrranver. Yes, sir. 

Mr. Cuenowetu. That is the No. 1? 

General Ostranpver. Yes, sir; highest priority. 

Mr. Cuenowetu. Exclusively, they will be doing nothing else, 

General Osrranver. No, sir, he will be engaged in other programs, 
but this is his high priority program and by far, his largest program, 

Mr. Cuenowetu. I see. What else will he be doing down there? 

General Osrranper. He will be handling for us the so-called At- 
las Agena B, and also the Atlas-Centaur program. He will be en- 
gaged for the time being under terms of agreements with the Army in 
finishing up some of the programs which he was doing for the Army, 
the Jupiter, and the Pershing missiles. ; 

He is winding up a certain number of Juno—2 shots for NASA which 
he has taken on even prior to the time he was slated to become a part 
of the NASA organization. What else? 

Colonel Heaton. I think there are a few Redstones left for the 
Mercury program. 

General Osrranper. Yes, sir. I believe that pretty well covers 
it. 

Mr. Cuenowern. He is going to be pretty busy down there. 

General OsrraAnper. Yes, sir. 

Mr. Anything more ? 

Mr. Coenowern. No. 

Mr. Ducanper. No. 

Mr. Hecuurr. No. 

Mr. Mitier. Well, that finishes up Huntsville and we can’t very well 
finish this other thing today. 

Mr. Hecuier. Atlantic Missile Range—— 

General Osrranver. The rest of the items at Cape Canaveral are 
simply sub—— 

Mr. Mitier. Doesn’t that finish it in the book there ? 

General Osrranper. There are two more items. One is a staging 
building. 

Mr. Minter. Excuse me. That is under the Atlantic Missile 
Range—no, it isn’t, it is Canaveral. 
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General Osrranver. This is simply a building where we bring in 
and assemble and handle and mate these various Saturn stages re Tom 
we erect them. 

Mr. Miter. This is just a building, nothing tricky about that. 

General OstRANDER. No, sir. 

Mr. Mutter. If there is no objection, we will go over—— 

Mr. Ducanver. Nothing tricky about this. [Laughter.] 

Mr. Mutter. This building, I assume, has to be quite comparable 
to the new building we authorized down at Huntsville, too, to handle 
this Saturn ? 

General OstTRANDER. Yes, sir. 

Mr. Mutter. And an addition to the engineering and laboratory 
building. 

oa OsrranpeR. This is as a direct result of the step-up of our 
Saturn launch schedule at Canaveral. As you know, the policy in 
the past is that the users of the facilities at Cape Canaveral are re- 

onsible for funding their own construction down there. This is 
simply an extension of our existing engineering and laboratory space 
for the missile launch laboratory, who will do the launchings of the 
Saturn at Canaveral. 

Mr. Miter. If there is no objection, we will consider that. 

Now, the next one is the various tracking facilities. 

Mr. Ducanper. Mr. Chairman, is this a good point? 

Mr. Mutter. I think this would be a good place to break right now. 
You will try to have an Army man here Monday morning? 

Mr. Ducanper. Yes, sir. 

Mr. Minter. We can use this same room. 

Mr. Ducanper. Yes, sir. 

Mr. Gueason. When do we comeback? This afternoon? 

Mr. Ducanver. No, Monday morning at 10 o’clock. 

Mr. Mutter. All right. We will adjourn until Monday morning 
at 10 o’clock. 

(Whereupon, at 11:56 a.m., the subcommittee adjourned to recon- 
vene at 10 a.m., Monday, February 22, 1960.) 
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MONDAY, FEBRUARY 22, 1960 


House or 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Suscommirree No. 1, 
Washington, D.C. 

The subcommittee met at 10 a.m., in room 304, Old House Office 
Building, Hon. George P. Miller, chairman of the subcommittee, 
presiding. 

Mr. Miter. The meeting will come to order. 

Mr. Ducanper. General Barclay is here. 

Mr. Miniter. General, we are very happy to welcome you here. We 
wanted someone to clear up a few points with respect to NASA’s re- 
quest for some money to be spent at Huntsville. We made the request 
to the Pentagon, Judge Chenoweth, so they sent the General from 
Huntsville. We are happy to see him here, but we don’t like to take up 
all of your time coming up here. 

General Barciay. That is quite all right, sir. 

Mr. Ducanper. The items start on page 380, Mr. Chairman. 

Mr. Miter. 380, 

General, the question that came up with respect to Huntsville is 
this: The Von Braun team is transferred to NASA. The Von Braun 
team has been operating at Huntsville. 

Immediately after its transfer, NASA asks for $27, 500,000, I think 
it is, for certain capital improvements at Huntsville. This is a ques- 
tion that may be raised on the floor: Why is it necessary, in the trans- 
fer administratively of this team, to immediately go in and spend this 
amount of money at Huntsville? Where are the facilities that the 
Von Braun team used at Huntsville? Why aren’t they available? 
Why can’t the Army turn these over? 

Is it a question that the Army, now that the Von Braun team is no 
longer their responsibility, is taking the position: Well, you have to 
supply your own facilities ? 

merely cite these. I think I know the answer but we do want to 
get into the record some answers to those questions so that we will be 
prepared to defend them on the floor. 
reneral Barciay. Yes, sir. 

Mr. Mirier. So we are very anxious to come to the Army for them. 

Now I understand that in the original budget of the Army for 
this year there would have been some $13 million or more for some 
of these facilities at Huntsville, had the Von Braun team not been 
transferred. 

If that is correct we would like you to bring that out, too, so that 
we will have the positive information and data on which to rest our 
case if this question is raised. 
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General Barciay. Yes, sir. 
i. Mutter. And I think it will be raised. Will you proceed now, 
sir 


STATEMENT OF BRIG. GEN. JOHN A. BARCLAY, COMMANDER, ABMA, 
AND DEPUTY COMMANDING GENERAL, ARMY ORDNANCE MIssirpz 
COMMAND, REDSTONE ARSENAL, ALA.; ACCOMPANIED py 
MAJ. LEONARD S. FRANKENSTEIN; LT. COL. ROBIN ELLIOTT? 
WAC; AND LT. CONRAD C. EGE 


General Barcitay. The Army has submitted four plans for the 
Saturn program. The first three were submitted to the Advanced 
Research Projects Agency, ARPA, under whose jurisdiction the 
Saturn program has been, up until its recent transfer to NASA. 

The first of those programs was submitted in February of 1959, 
That plan contemplated a total of $20.5 million in facilities for the 
fiscal years 1960 and 1961. 

A revision of that plan for a total program of $130 million was 
submitted in July of 1959, and that proposal included facility require- 
ments of $8.9 

An accelerated program, submitted at the same time, for a total 
program cost of $250 million, contemplated facility requirements for 
fiscal year 1961 of $35.2 million. 

Mr. Miiier. These are at Huntsville? 

General Barciay. These are at Huntsville and at Cape Canaveral, 
both. These are the facilities requirements which would be needed to 
carry forward the program as planned at that time. 

In December, the last plan submitted to ARPA contemplated the 
$13 million in facilities. That is the $13 million to which I believe 
you have reference. 

As recently as January of this year, a proposal to ARPA for the 
present program of $230 million total program contemplated $46.5 
million of facilities. 

Mr. Minter. At both Canaveral and Huntsville? 

General Barcuay. At both Huntsville and Cape Canaveral. 

Reviewing these facilities by specific item, I find that, with the 
exception of those which had been introduced by reason of the change 
in technical direction of the Saturn program, that is the change from 
a liquid oxygen-kerosene type upper stage to a liquid hydrogen- 
oxygen upper stage, all of these tisilitien were contemplated in the 
programs previously submitted by the Army, 

There have been some modifications. For example, NASA now is 
asking for an administrative and central laboratory building. The 
Army had previously, in its military construction program, placed a 
requirement for an aeroballistics laboratory. NAS: ’s plan, as I 
understand it, is to expand that laboratory and include office space in 
It. 

If you would like, I can summarize these items in detail. 

Mr. Miter. I wish that you would, sir. 

General Barciay, AlLright, sir. 

Under the static test facility at Huntsville, the Army plan con- 
templated two possible approaches to that... One of $7 million, and 
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under the maximum accelerated program $12.4 million. The current 
NASA request is $10.8 million. Au 

The central laboratory and office cane SE 

Mr. Cuenowetu. Before you leave that, first, would you tell us 
just what is involved in that test facility ¢ 

General Barcuay. Yes, sir. 

You are familiar, I believe, Mr. Congressman, with our test stand 
at Huntsville—— 

Mr. CHENOWETH. Yes, we saw that. 

General Barctay. Which we now have. Under the accelerated 
program it would be necessary to have two Saturn missiles on the 
stand at one time in order to check them out and go through the 
static firing and the vibration testing. We cannot with our present 
facility have two Saturns on that one stand. 

Mr. CuenowetH. You have to build an entirely new facility. 

General Barctay. We would have to build an entirely new facil- 
ity, which does not embrace all of the current facilities, but would 
embrace the tower and the instrumentation and the blockhouse and 
those facilities which are necessary for a static firing. 

Mr. Cuenowrtu. You would use part of the old facilities? 

General Barciay. Yes, sir; we would continue to use them and 
expand the capacity by building a second tower. 

fr. Minter. But when you have to build the second tower you have 
to have the new instrumentation. 

Mr. Cuenowetru. Would you enlarge the old tower? 

General Barciay. That is already enlarged. It is enlarged, and 
as of Saturday we placed the first Saturn booster on the tower. The 
new facility would be essentially a duplicate of that, built primarily 
for Saturn. 

Mr. Cuenowetu. It will take $10 million for that? 

General Barcnay. Yes, sir; that is correct, $10.8 million for the 
tower, blockhouse, instrumentation. 

Mr. Cuenowetu. That is a permanent installation ? 

General Barciay. That would be a permanent installation, yes. 

Mr. Ducanper. And you understand the expedited program was 
going to ask for $12 million for this same facility ? 

General Barcray. Yes, that is correct. The Army plan for the 
expedited program asked for $12.4 million. 

Mr. Miter. NASA asks for $10? 

General Barciay. Asks for $10.8. 

The items that were eliminated from that, I don’t have here. If 
you are interested, I could obtain them for you if you want them. 

Mr. Ducanper. I was just interested in the comparison, that is all. 

Mr. Mixer. Just the comparison. That was this $10.8 where the 
Army was going to ask for $12.4. 

General $12.4 million. 

Mr. Mitier, All right, sir. Thank you on that one. 

General Barcuay. The next item is the “central laboratory and 
office facility.” Under the Army military construction program, 
the Army Ballistic Missile Agency had filed a requirement for an 
aeroballistic laboratory at a cost of $2 million. Under the NASA 
plan they are asking for $4.4 million which will be a consolidation, 
a central laboratory and office facility. 


Ww, 

A | 

LE 

BY 

T, 

he 

ed 

he 

9, 

he 

e- 

al 

| 

| 

e 

) 

1 


92 1961 NASA AUTHORIZATION 


Mr. Minter. Now the present office facilities that the Army has 
down there are pretty well bursting at the seams, aren’t they! 

General Barcuay. Yes, sir; they are crowded at the moment. 

Mr. Mirxxr. So that is why you were going to request this anyway! 

General Barcuay. That is correct. 

Mr. Mitier. And will the fact that the Von Braun team is now 
going over to NASA, and when we build this building will it meay 
that there will be a lot of surplus office space in your administration 
building ? 

General Barctay. No, sir. 

Mr. Mitier. The Army will use all of the facilities, you need them 
now? 

General Barciay. That is correct. In fact, the Army will not 
only need all of that office space but the Army will need some $19 
millied in facilities to replace the laboratories which are being 
transferred to NASA. 

Mr. Mitier. To NASA? | 

General Barctay. The Army plans to recreate its missile super- 
vision capability on a much smaller scale than has existed in the 
past, because we still have our weapons system for which we are 
responsible, and we will need to see that those are carried forward. 

Mr. Mitter. And if there is a stepup in Nike-Hercules you will 
have to dosome of that work. 

General Barctay. That is correct; yes, sir. The Nike-Hercules 
remains with the Army, the Pershing missile, the Sergeant, and 
all of our current missile programs. 

Mr. Mixer. All your tactical missiles are still there and you still 
= a requirement for those and the facilities for them at Hunts- 
ville. 

General Barctay. That is correct; yes, sir. 

Mr. Ducanper. Mr. Chairman. 

If the Army had retained the Saturn project, did your advanced 
planning contemplate additional employees? 

General Barciay. We did not plan additional Government em- 
ployees. We planned to utilize additional contractor people. 

Mr. Ducanver. If you had additional contractor a. how 
would they be taken care of as far as office space is concerned? 

General Barcitay. We have one building, which was built as a 
contractor-engineering support facility. It is a building situated 
in the rear of our headquarters, not physically connected with the 
building. That is primarily used for contractors’ people who are 
resident at the arsenal assisting in these programs. 

Our philosophy with respect to our personnel strength has been that 
we did not want to build up to a peak beyond that which we could 
sustain; and that our best approach was to utilize contractors, main- 
taining our civil service strength at that which we felt we could 
maintain for the long pull. ; 

Mr. Miuuer. Inasmuch as the stepped-up program would require 
additional personnel, you would have aie to provide facilities for 
these additional personnel ? 

General Barciay. That is correct. 
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Mr. Mircer. Whether civil service employees or contractors’ 
Barciay. Yes, sir. 3 

Mr. Miter. All right, General. 

‘General Barciay. The next item is the dynamic test facility, which 
the Army had in the program at $600,000, and the NASA require-' 
ment is the same, total $600,000. 12 

Mr. Miter. Same. That is from pages 289 to 303. 

General Barcitay. The pressure test cell, the. Army asked for 
$650,000 and the N ASA has asked for the same total of funds. 

‘ 'Thé extension of the assembly building to joi buildings 4705 and 
4706, the Army had asked for $244 million; NASA has asked for: 
the same total. 

The addition to the engineering building, No, 4610, was in the- 
Army military construction program at $1.395;.NASA’s fund re- 
quested is $1.137. 

Mr. Ducanper. You asked for $395,000 ? 

General Barciay. $1,395,000, and NASA’s figure is slightly less, : 

137,000. 
he completion of the third wing of the guidance and control lab- 
oratory was in the Army military construction program at $1.948 
million; NASA has asked for the same funds. 

The addition of 

Mr, Muter. That is on page 408. | 

Iam giving those pages so we will get them in the record, so we 
can refer to them. 

General Barcray. I am sorry, I don’t have a cross-reference. 

The addition to the fabrication laboratory was in the Army MCA 
program, minor construction, for $190,000, the NASA request is 
$915,000. 

Mr. Muier. That is on page 411. 

General Barciay. The addition to the checkout building was in 
the Army plan for $3.5 million; NASA has asked for $4.5 under 
the present Saturn. 

Mr. Mitter. Page 411.3. 

General Barciay. That increase in funding is primarily due to 
the greater safety requirements by use of hydrogen ante than 
kerosene. 

Mr. Mitier. Mr. Chenoweth, have you any questions ? 

Mr. Cuenowern. General, I get the impression that the switch, 
then, from Army to NASA hasn’t entailed too much additional ex- 
pense so far as these facilities are concerned; is that a correct 
observation ? 

General Barciay. That is correct, sir. That is right. Most of these 
facilities would have been required for the Saturn program regardless 
of who executed the program. 

Mr. Cuenoweru. The Army had its own plans for some or most 
of these, according to what you tell the committee now. 

General Barcuay. Yes, that is right. 

_ Mr. Cuenoweru. So you would say there has been very little 
increase—— | 

General Barciay. Very little, that is correct. 
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Mr. Cuenowetu. In the amount which is going to be spent ? 

General Barciay. Yes. 

Mr. CuenowetH. Some changes are up a little here, and down a 
little there. 

General Barctay. Most of which have resulted from the chan 
pene approach in the program or further study which may haye 

own—— 

Mr. Miiter. Technical and stepping up the program. 

General Barciay. And increasing, that is correct. 

Mr. Mitier. Which would mean—— 

General Barcuiay. The additional stand, for example, would not 
be needed if they were on the early slow firing schedule. 

Mr. Miter. But if we are going to step up and cut out this one 
year—how long do you have to keep them on the stand ? 

General Barciay. We will keep these missiles as much as 2 months 
on the stand. And we are firing in 1963, NASA is, as many as two 
missiles in a quarter. So to maintain that pace, it is essential to have 
two stands, and you will have to take your choice of accelerating the 
program and providing facilities to do it, or taking the more leisurely 
schedule. 

Mr. Murr. That is right. And that is another reason for this 
new pad at Canaveral which you are asking for ? 

General Barciay. Yes. 

Mr. Mutter. And had the Army been in charge of this program and 
it had been stepped up as it is now under NASA, you would have 
had to have that new pad? 

General Barctay. We would have required these same facilities, 

Mr. Miter. Same facilities. 

General Barciay. And had already registered that requirement 
with ARPA for the accelerated program. 

Mr. Cuenowertu. Do you expect much confusion, difficulty, or in- 
convenience, in making this shift-over at Huntsville? 

General Barctay. Sir, there will be some disruption. We are plan- 
ning as well as we are able, and hope to keep it to a minimum. I 
think the disruption will not be noticeable outside of our own 

r. Miter. The relationship between the Army and NASA has 
always been good. 

General Barctay. It has been very good. 

Mr. Mrttrr. Congenial cooperative spirit. 

General Barciay. Yes, sir. 

Mr. Miter. Of course, this is an infusion of Army blood into 
NASA. 

General Barciay. Yes, sir. 

Mr. Mitre. It will help leaven out 

General Barcuay. I think the result will be salutary. 

Mr. Mitxer. I think it is a very good plan, myself. 

General Barcitay. We have had excellent working relationships 
with the NASA group. We are planning the transfer carefully and 
not taking any steps precipitously, in order that we can assure that 
the program continues, first of all, and that there is the least disru 
tion to the operations, and as little as possible derangement of the 
morale of our people. 
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Mr. Cuenoweru. So far as the Von Braun team is concerned, they 

will remain intact? Will there be any change in their schedule or 
rogram Or daily activities there? How will it affect them? 

r General Barctay. They will remain as a group working as they 

are in the same locations. 

Mr. CuenowetH. In other words —— ; 

General Barciay. Ninety-eight percent of the people probably will 
not know the difference. 

Mr. Mutter. They will get a different-colored check. 

General Barciay. Yes, sir. But the dollars they get for that check 
are still green and still come from the U.S. Treasury. 

Mr. Miuzer. Same. 

Mr. Cuenoweru. This is off the record. 

(Discussion off the record. 

Mr. Muuuer. On the record. 

Mr. Ducanver. General Barclay, now the Army has been handling 
all of the contracting, the legal work, and that type of administrative 
work for the Saturn project. Now, NASA, after July 1st, will start 
doing that. Will this mean a decrease in the number of Army per- 
sonnel that have been doing that type of work for the Saturn project 
at Huntsville? 

General Barctay. Yes. There will be some 35 people who have 
primarily been ee the contractual arrangements at Huntsville 
who will go to the NASA organization to assume this responsibility 
for NASA. 

The actual contracting, of course, has been done through the Ord- 
nance district offices. A number of pan in the various offices have 
been engaged in this area. They will continue to do this for NASA 
until such time as NASA creates their own procurement capability. 

Mr. Ducanper. Then will there be a decrease in Army personnel at 
Huntsville? 

General Barctay. Yes. Yes, there will. 

Mr. Ducanprr. So as we—I say “we”—as NASA increases its per- 
sonnel to take care of these administrative matters that the Army has 
been handling, increases their own personnel, then the Army person- 
nel will in turn decrease ¢ 

General Barciay. They will decrease. That is correct. There are 
some 815 people that are currently with the Army in administrative 
support areas who will be transferred to NASA and will carry on the 
operation for NASA and be dropped from the Army rolls. For 
example, in our su ply operations at ABMA the entire staff operating 
the warehouse and keeping the supply records will be transferred to 
NASA, with the supplies. 

A segment of our personnel office will be transferred ; a segment of 
our procurement office; a group of the — maintenance le will 
betransferred to NASA; a cadre from the civilian personnel office and 
safety and security; and all those functions will be cadred to NASA. 

Mr. Cuenowetu. Are those military or civilians? 

General Barctay. Primarily civilians. 

Mr. Cuenowetn. Civilians. 

General Barciay. Yes, sir. 
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Mr. Curenowetu. What will the impact be on the military strength? 

General Barctay. The military strength will not decrease. They 
are primarily working on the weapons systems. 

The exception to that is in our scientific and professional enlisted 
pene, our technically trained college graduates who have beay 

rafted and are assigned there. Some of those —_ will remain 
with Von Braun’s group and work for NASA until such time as their 
enlistment expires, and then they will be phased out. 

Mr. Mriter. How about in the future? You have been picking 
these people up throughout the Army. 

General Barcuay. We will continue to do that and give them this 
training and work, on the Army’s missile systems. 

Mr. Mitirr. On the Army systems? 

General Barctay. Yes, sir. 

Mr. Mituerr. Will any of those be available to NASA while stil] 
in uniform on a reimbursable basis perhaps? 

General Barctay. We do not have such a plan at the moment, 

Mr. Mittrr. But it is possible? 

General Barctay. It is possible, yes, sir. 

I have discussed it with Dr. Von Braun and General Ostrander; 
NASA is interested, if we can work out arrangements whereby that 
can be done. 

Mr. Mixer. I think this is a good source of manpower. 

General Barcray. It is excellent. 

Mr. Miter. It has worked out that way, I understand it. 

General Barciay. Yes, sir. 

Mr. Mitre. I just assume that NASA will be as much in- 
terested 

General Barciay. These engineers are a very fine asset to the Army. 
They have come there and integrated themselves, and many of them 
remain with the Von Braun team as technical personnel after their 
enlistments expire. 

Mr. Cuenowertu. I had the impression a number of the military 
had made a special request to stay with the team after NASA took 
over. They will want tostay in the program. 

General Barciay. Yes, sir, they do. And most of the enlisted 
personnel who have been with our Development Operations Divi- 
sion and with Dr. Von Braun will remain with him. We do not plan 
to reassign them. 

_ Mr. Cuenoweru. Will any of the military personnel be separated 
at all that have been in the program ? 

General Barcray. No, sir. All the military, except these scientific 
and professional enlisted people, are assigned in other areas than 
the Development Operations Division, or on Army weapons systems. 

Mr. Cuenowern. They will continue the work in which they are 
engaged now? 

General Barciay. Yes, sir; they will continue on the same 
programs. 

Mr. Cuenowetu. So it will have no impact at all on the military 
personnel. 

General Barciay. No, sir; none whatsoever. 

Mr. Ducanper. Actually, Mr. Chairman, just making a mental addi- 
tion of these expenses at Huntsville, it seems to me there is only about 
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g9 million going into the administration building for NASA which is 
over and above what the Army would have spent in the first place. 

Mr. Mutter. That is about right. 

Mr. Ducanper. The Army was going to build an additional labora- 
tory. Now NASA continues that, the laboratory, and adds to it some 
office space and that is going to cost in the neighborhood of $2 million. 
So that is about all the addition there is. 

Mr. Cuenowetn. I think, Mr. Chairman, I want to commend you on 
bringing the general here, because I think this is going to be something 
that is going to come out on the floor: This great waste of money that 
js involved in shifting from Army to NASA. 

Mr. Mitter. I want to be prepared for it. I hope it does not come 
there, but I think now we are well prepared to meet it. 

Mr. CuHENoweETH. Very good. 

Mr. Mittrr. I am very glad that the general could come up. 

Mr. Ducanver. Could you put your comparisons in the record ? 

General Barciay. Yes, sir. I will be glad to give youa copy. I 
did not tell — about the facilities at Cape Canaveral; however, they 
are essentially the same as the Army had planned. I can give you an 
itemized list. 

Mr. Ducanper. Just put the whole thing in the record. It would 
be most helpful. 

(The information referred to is as follows :) 
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Mr. Mitter. Thank you very much, General. Happy to see yoy 
here on George Washington’s Birthday. 

General Barcray. I hope we will have the pleasure of having yoy 
visit us again and we can crank up the big one for you. 

Mr. Mixer. All right. We would like to go down. I have only 
been down to Huntsville once and I certainly enjoyed it on that 
occasion and I look forward to getting down there again. 

Mr. Ducanper. Before we break up, we have one item on the big 
book from NASA concerning the tracking facilities. 

Mr. Mitier. Yes. We will go into that now and I think that that 
will just about clean us up. 

This starts on page 419. 

Major Hammonp. 419, yes, sir. 

Mr. Miter. Sir, we are happy to see you here even on Wash. 
ington’s Birthday. 


STATEMENT OF IRA H. ABBOTT, DIRECTOR, ADVANCED RESEARCH 
PROGRAM, NASA 


Mr. Asgzorr. I am happy to be here even on George Washington's 
Birthday. 

Mr. Miter. Tracking facilities. 

All right, Mr. Abbott, the tracking facilities. I believe there are 
three items involved in this whole phase. It starts on page 419, 

Mr. Cuenowetu. What facilities isit? 

Mr. Miter. This is tracking facilities at various locations, and 
the first items of money come in on pages 424 and 425. 

Will you, Mr. Abbott, tell us about these tracking facilities so that 
we will have something in the record ? 

Mr. Aprorr. Yes, sir. I would like to have Major Hammond talk 
about these facilities. He is intimately familiar with all of them. 


STATEMENT OF MAJ. VICTOR W. HAMMOND, USAF 


Major Hammonp. Good morning again, gentlemen. 

Mr. Murer. Happy to have you back. 

Major Hammonp. You will find we have four major line items in 
this total request for some $27,750,000. The Minitrack system plus 
some augmentation of that for special purposes which I will mention 
in a moment is $4,750,000, our deep space net is a total of $8 million, 
and the Mercury network is $15 million. 

Now, to take these one at a time, beginning on page 424—inci- 
dentally, I will be more than happy to try to differentiate this from 
the classical Greek, if you like, as we go along. 

Mr. Miter. I think it would be well if you would define, first, the 
Minitrack net, what it does, then the augmentations, and then, again, 
the work planned for the $15 million that will be used for the Mercury 
phase of it. 

Major Hammonp. Yes, sir. 

Mr. Miter. I do not know whether the judge has had an oppor- 
tunity but I read the four pages of this material. 

Mr. Cuenowetu. I have not read it. 

Mr. Mitixr. Then we will get some of this into the record in that 
way. 
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Major HamMonb. All right, sir. ) 

To begin with the Minitrack network, let me say in preface here 
that when you speak of this type of equipment, the ground instru- 
mentation, the tracking devices, and the telemetering and so on 
that collects data from these various vehicles, you must speak of 
four basic types of missions. First of all it is the vertical probe 
type of mission, that is the sounding rocket that we spoke of the 
other day regarding Wallops station. 

Secondly, you have the earth satellite vehicle; thirdly, the deep 
space probe; and fourth, the special case of the earth satellite vehicle, 
namely the manned satellite which is quite different from the routine 
scientific satellite vehicle in that it orbits much closer to the earth’s 
surface and, furthermore, it is only up on its mission for a total of 
some 44% hours. 

Now, the scientific satellite, on the other hand, orbits hundreds of 
miles high, to actually tens of thousands of miles high, and it is 
up for weeks and months and years. So you see the timeliness of 
collecting the data is quite a different thing. You actually have 
a long period of time to essentially boot-strap yourself by collecting 
just tiny bits of data periodically with the earth satellite, the scien- 
tific satellite class of vehicle. Then when you put all of these 
tiny bits of data together, with the aid of computers, of course, you 
can then mathematically describe the orbital characteristics or the 
path that the satellite is taking. 

Now, for example on Vanguard II that flew last September it 
took the Minitrack network about 8 hours 50 minutes from the 
time of launch to a time when the orbital characteristics could be 
satisfactorily described mathematically. 

Now, then, to visualize the manned satellite mission, attempting 
to use those same instruments it is quite unsatisfactory, you see. 

Mr. Mitirr. He will be up and down in half of that time. 

Major Hammonp. He is up and gone by that time; yes, sir. There- 
fore the Minitrack network, then, we can term sort of a workhorse 
system for the scientific satellite vehicle. It does three things for 
you. First of all it tells you where the vehicle is in space. It 
“tracks.” 

Secondly, it derives data—that is, the scientific data that is bein 
collected by the instruments in the satellite—and brings it back 
and records it for future analysis on the part of the scientists. 

And third, the Minitrack has equipment at each one of its stations 
that can give instructions back to the satellite, it can command vari- 
ous functions to occur in the satellite, turn on one device, turn an- 
other device off, things of this nature, you see. 

Mr. Minter. Gathering data as it goes along. 

Major Hammonp. Yes, sir. This whole field of instrumentation 
that I am speaking to now is the actual final payoff field in all of 
the various scientific efforts, the rockets, the deep space probes, and 
what have you. Without these type of instruments you simply can- 
not successfully get any type of data back from these explorations 
into space. 

Mr. Mire. If you do not have these and they are not refined—as 
refined as you can make them to get this information—there is no 
good in putting the vehicles up in the first place. 
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Major Hammonp. Yes, sir; that is very true. 

Mr. Murr. Just for turning them around the world. 

Major Hammonp. Very true. 

Mr. Mitirr. You will get no data back. This is the only way you 

t it. 

Hammonp. This is the payoff, right. 

Mr. Mirier. Now, to get these they have to be distributed at cer. 
tain intervals and places completely around the globe. 

Major Hammonp. Yes, sir. This is a very good point. With the 
Minitrack network now you will find that it is distributed essentially 
along a line, the 75th meridian, so that as the satellite, on each ath, 
passes through this line of stations, you see. That is why I said that 
you only derive seconds of data each time that the satellite makes 
a course around the earth. 

Then by putting all of these bits of data together—because you 
have plenty of time to do this, you can construct the orbit, you see, 

Mr. Murer. This is a north-south line? 

Major Hammonp. This is a north to south line; yes, sir, right. 

Mr. Muuer. That is why these stations then are substantially 
north and south of one another as you go around the world? 

Major Hammonp. Yes, sir. Now to differentiate between, again, 
the Minitrack and the Mercury equipment, you will find the Mercury 
equipment is deployed essentially on a great circle course around 
the earth. We could say beginning at Cape Canaveral and extend- 
ing out to the island of Bermuda, a ship in the Atlantic, over to the 
Canary Islands, to Nigeria in Africa, Zanzibar on the other side of 
Africa, a ship in the Indian Ocean, Australia—two stations in Aus- 
tralia—and up over the Canton Island in the Pacific, up to Hawaii, 
west coast of the United States, Central United States, Eglin Air 
Force Base down in the Gulf of Mexico, and back down to Cape 
Canaveral. If you will look at this on a map you will see this is a 

t circle course right around the earth. These devices now in 
the Mercury network that provide this tracking function are radars. 
The reason they are radars and hence of course more expensive than 
the Minitrack equipment is because you must—well, you simply do 
not have the time available to boot-strap yourself with tiny bits of 
data, so you must collect as much data as possible per pass. 

Mr. Mutter. This is where the thing takes place in about 4 hours. 

Major Hammonp. Exactly. 

Mr. Mituer. So you have to get all of this information, of course, 
each time you put a man up or vehicle up. You have only 4 hours 
to get back the data that is necessary for the great investment that 
you have put in the vehicle and the great investment that you put in 
the man going up. 

Major Hammonp. Yes, sir. And one step further in this regard, 
Mr. Chairman, is simply that at launch of the Mercury mission, the 
orbital characteristics—that is, the path that the capsule is going to 
fly—must be determined immediately based upon the launch—the in- 
jection charactertistics, the velocity, direction, and magnitude at the 
point of injection into orbit, you see, because without this knowledge 
you do not know whether you are in the proper orbit or not. If you 
are not in the proper orbit, you want to immediately get that capsule 
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pack out of orbit, back down to a recovery point where the capsule 
and its occupant can be picked x: aye 

Mr. Mutrr. That is right. ‘This, when you stop to think of it, is a 

at responsibility on people’s shoulders. 

Major Hammonp. It is, yes. 

Mr. Muer. If this thing gets out of orbit, if you do not get him 
back in, it will be disastrous. . 

Major Hammonp. Right. 

Now, to discuss the deep space net for just a moment, you will find 
that the deep space net consists of three stations. Now, these are de- 

loyed around the earth evenly—that is, at about 120° apart. One is 
in California at Goldstone near Camp Irwin. 

Mr. Mitter. It is out on the desert. 

Major Hammonp. Yes, sir. 

And the second one—incidentally, Goldstone is in operation now. 
The second station to go into operation—and that will be sometime this 
summer—will be at Woomera, Australia. p 

The third one to go into operation in the beginning of 1961 will be 
down in the Union of South Africa. Again, if you look at these loca- 
tions on a map, you will find that they are about 120° apart around the 
earth. Now, what this means is that once the deep space ee pro- 
ceeds on its flight to the moon or a planet you have continual coverage. 
You will have one of these stations in a position to be able to track this 
vehicle as it flies, regardless of the rotation of the earth, you see. Once 
it gets up about 10,000 miles high, then the coverage of these three sta- 
tions are overlapping in nature, and when one—when the earth rotates 
one of them out from under the vehicle, the other one comes right up. 

Now, we can speak specifically of these items here if you would like, 
sir. 

Mr. Miter. Well I think getting down to them, the first one is a 
building. This is the station development. The next one—I think 
the data acquisition antennas, tracking filters—— 

Mr. Ducanper. Is this deep space net ? 

Major Hammonp. No, sir, we are starting back on Minitrack. 

Mr. Miter. This is on page 424. 

Major Hammonp. Right. 

Mr. Mitter. The command transmitters, high gain antennas, special 
equipment for meteorology and precision tracking. Portable elec- 
tronic ranging and support equipment. 

Major Hammonp. May I speak to these, Mr. Chairman. 

Mr. Minter. Yes, if you will. 

Major Hammonp. I think it is quite interesting, actually. Al- 
though the major title here is the Minitrack net, this list of items en- 
compasses more than the basic Minitrack network. It encompasses 
items that are to supplement the Minitrack capabilities. 

Specifically, the items, command transmitters and modifications, 
calibration antennas, wide-band data acquisition equipment, high 
gain antennas and special equipment for meteorology and precision 
tracking—those three items are for prototype equipment that will be 
used to take the wide-band data, the very broad television type of 
data, from the meteorological satellite, ‘the Nimbus program that 
you have probably heard of in the discussions thus far. 
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The next three items beginning with optical components, portable 
electronic ranging and support equipment, special equipment for cal}. 
bration and timing—these three items are for five master geodetic 
stations. These are the type of stations now that will be able to de. 
rive very accurate position information from the geodetic satellite, 
The geodetic satellite can be compared to a bench mark in surveying, 
That is, we can call it a flying bench mark. 

Now the tracking process of a missile, a rocket, a satellite, or what 
have you, is trying to establish where it is in space accurately, 

Now, we will, with the Minitrack equipment, be able to know where 
the geodetic satellite is in space. However, now you must be able to 

o to various places in the world, around the earth—that is to say, 
for example, an island in the Pacific. You put this equipment on 
that island and then as that satellite flies overhead; you measure its 
position, and from that you can then derive the very accurate posi- 
tion of that island where your equipment was. In other words, this 
is an augmentation to maping, you see. 

Mr. Miter. This will give us a lot of very valuable data. 

Major Hammonp. Yes, sir. 

Mr. Mriirr. Heretofore, it has almost been impossible to get by 
celestial means—well you can do it by the stars, but you are never too 
sure of it, trying to fit triangles around the world. 

Major TAwonp. It gives you an excellent tie for, I would imagine, 
an approach to the first-order survey of essentially any spot on earth 
that you could take your ground equipment. 

Mr, Cwenowetn. Does this work by contract? Electronic 
companies 

Major Hammonp. The geodetic program is a combination with 
some of the other governmental agencies that are involved in map 
work, such as the Army Map Service, Coast and Geodetic Survey. 

Mr. Mitre. I was going to say the Coast and Geodetic Survey 
would be very much interested in this. 

Major Hamaonp. They are involved in the program; yes, sir. The 
actual items of equipment will undoubtedly be built by contractors; 
yes, by the electonics industry. 

Mr. CuenowetH. They will be operated by NASA, then. 

Major Hammonp. They will perhaps be operated by Coast and 
Geodetic Survey people, Army Map Service people. I am not too 
sure of the details of the program—geodetic satellite program. 

Mr. Mitter. Some of teat people are at Woomera. Will you not 
make deals with the Australian Government to operate this? 

Major Hammonp. Very definitely, yes, sir. 

Mr. Mitier. You have a few people there to supervise it, but—— 

Major Hammonp. Oh, by all means. 

Mr. Miter. Because this is a thing they are interested in, too. I 
believe that is the way you have done it. 

Major Hammonp. Yes, sir. With the stations that we have—and 
this is all stations—I was referring only to the geodetic stations just 
a moment ago, but with any station that is located in a foreign coun- 
try—and you picked a very good one; namely Australia—we have 
agreements with these governments, with the aid of the State Depart- 
ment and so on, of course, that allow the use of citizens of that coun- 
try to help in one degree or the other. In the case of Australia they 
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aps provide I am sure—there is perhaps only a representative 
VASA there as a station manager. Other than that, all of the 
technicians and engineering personnel are citizens of that particular 


a Murr. Major, this is entirely foreign to our discussion, but 

when I was reading this the other day it struck me that we have these, 

this is an augmentation, we have stations in these places now. Has 

Russia, do you know, stations throughout around the world? She 

certainly has none in the Western Hemisphere that we know of, does 

Well, thisio— 

Mr. Mitter. Or do we exchange data with them ? ; 

Major Hammonp. We do exchange data through various agencies, 
for example COSPAR. During the International Geophysical Year 

riod there were various international agencies set up to exchange 

ata; yes, Sir. 

I would say, however—— 

Mr. Mixer. This is of course just scientific data, nonmilitary data. 

Major Hammonp. Yes, sir; that is right. We do have some knowl- 
edge and this is available in the open literature, of the Soviet 
instrumentation capability. 

You have heard of the moon-watch teams, I am sure, here in this 
country that were set up under the IGY. These are essentially teams 
of volunteers who have rather simple optical devices. They are told 
by a central point—in the case of our moon-watch teams this is the 
Smithsonian Astrophysical Observatory—these teams are told where 
to look, for any given satellite, where to point their optical device 
and where to look and at what time to look, of course. They then make 
certain readings. They measure with respect to a star background 
where the satellite was and they send this information back to the 
Smithsonian for a general accumulation of data and entry into the 
computer. 

This again is another tiny bit of dats that helps bootstrap us into 
a position of knowing where the satellites are. The Soviets have a 
number of these deployed, of course, in their homeland. They also 
have optical devices that are comparable to our ballistic eameras, the 
Baker-Nunn type of camera, which is a specially designed device for 
tracking satellites. 

We also’ know that they have certain electronic equipments. This 
also is available in the open literature. 

I think, however, if your question is: Do we have as good devices 
as they have or the contrary? In other words, who is ahead in track- 
ing? I think the answer to that is that the measure of tracking and 
the general field of instrumentation is a question of meeting one’s 
requirements. Presumably they are meeting their own requirements. 
_ Mr. Mrurzr. No, I did not mean a comparison as to who was ahead 
init. But the thought struck me: We do have and we have had these 
stations, cooperative stations all over the world. You have them now. 

Major Hammonn. Yes, sir. 

Mr. Mitirr. Whereas the only thing that they can get—it is true 
they have a big country, they can go out into the Atlantic almost 
to the Pacific, across the broad part of Asia and Europe, but the rest 
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of it must have been pretty blank to them unless they had some ship 
sneak out someplace. 

Major Hammonp. We do know, Mr. Chairman, that they have been 
using the large radio telescope that belongs to the University of 
Manchester in England at Jodrell Bank. 

Mr. Miter. They have been using it ? 

Major Hammonp. Oh, yes; the same as we have. As a matter of 
fact we will continue to use Jodrell Bank. 

This is usually in conjunction with our deep space net. This js 
the type of device that it is. 

We know that they have been using this and as I understand it~ 
I again get this from the open literature—the Soviet prediction as 
to when their hard-landing lunar device—they predicted the time of 
impact to the particular minute that it would impact and later, about 
a day later, based upon Jodrell Bank information they revised their 
time of impact. So presumably they rely quite heavily upon Dr, 
Lovell and his instrument. 

Mr. Murer. Of course that is interesting, too. 

Major Hammonp. Yes, sir. 

Mr. Muier. I think that—I have no occasion or reason to say this, 
although I may be prejudiced on the part of my own people, I think 
they have done as good a job or better job than we have today in 
getting the big boost and all of that, but somehow or another I am not 
so convinced that they have had the refinement or have the equipment 
to do the job that we can. I think this is a field in which we have 
greater capability than they have. 

Major Hammonp. There is no doubt we have greater geographical 
coverage ; yes, sir. 

Mr. Mutter. I said greater capability. 

Major Hammonp. All right, sir. 

Mr. Mixer. I think that NASA, your own group, can do as good 
a job as they can possibly do. I think we can get, the instrumenta- 
tion as as they can. 

Mr. Ducanpver. Mr. Chairman? 

Mr. Yes. 

Mr. Denaston: Does NASA have a geodetic survey satellite 

rogram ? 
ajor Hammonp. Mr. Abbott? 

Mr. Ansorr. I think the answer to that is that we are planning 
one but that the program has not been formally approved at this 
moment. 

Mr. Ducanper. Isn’t the Army interested in this, too? 

Mr. Assorr. Oh, yes, the military are very much interested in this. 
This is a subject that I cannot cover in any detail in open session. It 
is likely, however, that there will be more than one. 

Mr. Ducanper. In other words NASA might have one and the 
Army as well. 

Mr. Yes. 

Mr. Ducanper. Or one of the military services as well. 

Mr. Assorr. Yes, this is conceivable, because ours would be an 
unclassified operation with everything in the open, seeking, in effect, 
cooperation of other countries. 

Mr. Ducanoner. I see. 
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Mr. Assort. In the operation. If the military decide—and I do 

not know that they will—to do someting, it would be for their own 
jal purposes. 

wor Docsenkn: I see. Some of this equipment under Minitrack 

is for the use of such a satellite, a geodetic survey satellite? 

Mr. Ducanper. And it is being included in this program on the 
basis that NASA anticipates that they may have a use for it. 

Mr. Assorr. More than that. I am sure that we will have a use 
for it. Geodetic information can be obtained from several types of 
satellites. ‘The only question at the moment is whether we will have 
a special satellite for this purpose or not. : 

r. Mittzr. I notice that Major Hammond had said that part of 
this was the prototype—— 

Mr. Assorr. This was the meteorological program; yes, sir. 

Mr. Ducanver. Knowing that the Army was interested in this mat- 
ter, Mr. Chairman, I just wanted the record to show that this is not 
going to be a duplication of effort. ; ; 

Mr. Assorr. No, sir. This is a subject in which there is close 
cooperation and many discussions going on at the moment. Just 
exactly how this will be done is not tinally resolved. However, it is 
safe to say that geodetic satellite will be done in such a manner as to 
satisfy the civilian and military needs. Whether this will be b 
separate programs or whether it will be a cooperative program still 
remains to be determined because there are many problems in this. 

Mr. Ducanper. Have you listed the anticipated locations of the 
Minitrack stations? 

Major Hammonp. I can give those to you very readily. 

Mr. Miter. | think they are set up. 

Major Hammonp. They are in the justifications. 

Mr. Ducanper. They are? 

Major Hammonp. Yes, sir. On page 420 right at the top of the 

age. 

. Mr. Miter. They are in the justifications. You can read them into 
the record if you desire. 

Mr. Ducanper. Yes, the record should show it. 

Major Hammonp. The Minitrack stations that are currently in 
operation are located at Blossom Point, Md.; San Diego, Calif.; Fort 
teen Fla.; Antigua Islands, West Indies; Quito, Ecuador; Lima, 
Peru; Antofagasta, Chile; Santiago, Chile; Woomera, Australia; 
Esselen Park, South Africa, and the four stations that will be in oper- 
ation later this calendar year are in Newfoundland; Fairbanks, 
Alaska; East Grand Forks, Minn.; and in England, for a total of 14 
stations. 

Mr. Ducanver. The last four you mentioned are the ones you are 
asking the funds for 

Major Hammonp. No, sir. There is some completion funds 
required here, but they are funds that will be used, for example at the 
bottom of page 424. We currently read the data from the Minitrack 
equipment by recording it on a strip tape. The station personnel 
then must read that visually and enter this information into a tele- 
type machine for transmission back to the control center here in 
Washington. This equipment called for at the bottom of page 424 
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will do this automatically, will eliminate errors and will speed up the 
entire process. 

Mr. Ducanper. This is what I had in mind and I do not want to 
unduly take the subcommittee’s time, but if a member on the floor 
picks up the bill and says “On page 3 line 4, various locations, track. 
ing facilities $27,750,000, Mr. Miller, where are those stations going to 
be located ?”—this is the type of question that is liable to come up on 
the floor—what should the chairman of the subcommittee reply 

Major Hammonp. First of all the Minitrack stations I just read into 
‘the record is what should be answered on Minitrack. Let me algo 
read into the record, if you would like, the deep space net locations 
and the Mercury. 

Mr. Mauer. I think as we go into those we will put into the record 
each one of them but we will withhold that now. 

Major Hammonp. All right. 

Mr. Agezorr. Perhaps to be a little more responsive to Mr, 
Dueander’s question about these four stations which are going into 
operation shortly, these have fundamentally been funded out of cur. 
rent funds. The funds which are now being requested are funds to 
improve the equipment for the whole network. 

Major Hammonp. For all stations. 

Mr. Aseorrt. For all stations. 

Mr. Ducanper. I see. 

Mr. Miter. Now then, I think we have it pretty well completed 
unless there is something that you have, Judge, specifically about any 
of these. 

Mr. Cuenoweru. There are going to be 14 stations altogether? 

Major Hammonp. Yes, sir. 

Mr. Cuenowertu. Not all in operation now ? 

Major Hammonp. No. 

Mr. Mutter. But all of them will be this calendar year, most of 
them are, and four of them are not up tostandard. 

Mr. Cuenowern. With the expenditure of these funds that brings 
the 14 into complete operation. 

Major Hammonp. Yes, sir. Let me add one more point: The 
Minitrack Network was originally built for the IGY period. It was 
so designed that. it would track satellites in low-inclination orbits, in 
other words orbits that fly essentially near the equator, some 30 
degrees off of the equator. 

When you fiy higher-inclination satellites, such as polar satellite, 
you now find that this original Minitrack Network will not perform 
the job adequately. The reason for that was that there was an 
antenna pattern that was oriented north and south for those low- 
inclination satellites to cut through. We now have added a second 

attern oriented east and west that will now take care of those flying 
in the higher inclinations, you see. 

Mr. Mizier. And eventually we are going to have to have a system 
pretty much around the equator, too. But that is in the future. 

Major Hammonp. This is a good subject, Mr. Chairman, if you 
would like to discuss it. 

Mr. Miter. No, because I think when we begin to get some refine- 
ments we have got to go there. 

Major Hammonp. Perhaps. 
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Mr. Mutter. Then if there are no other questions we will pass on 
tothe deep space net, $8 million. 

Major Hasaconn. The deep space net now for the record: the sta- 
tions are located at. Goldstone, Calif.; Woomera, Australia, and near 
Johannesburg, in the Union of South Africa. Goldstone is currently 
operational, Woomera will be operational this year, and South Africa 
at the beginning of the calendar year 1961. 

Mr. Ducanper. These construction funds are to complete stations 
already established ¢ 

Major Hammonp. Yes, sir; right. 

Mr. Ducanper. All right. 

Major Hammonp. You must appreciate, gentlemen, that the deep 
space net consists of these huge 85-foot diameter antennas. The 
reason you have such a huge antenna is because you are getting such 
a minute quantity of radio frequency energy back from the deep 
space probe. ‘To give you an example, the station at Goldstone on 

ioneer LV last March tracked a signal out to some 400,000 miles. 
This signal, in strength, was about equivalent to one-half the power 
that is required to light a two-cell flashlight bulb. So the location 
of these now must be in a geographical area where there is a mini- 
mum of noise, you see, a minimum of automobile traffic, a minimum 
of even radio receivers which, although they are receivers, they still 
cause noise for such equipment as sensitive as this, you see. There- 
fore when you see our items here—— 

Mr. Minter. When you say noise now, sound, you are talking about 
the electric emanations that are given off that can blanket or destroy 
the signal ? 

Major Hammonp. Yes, sir. 

Mr. Murr. For instance I live in the Methodist Building. Our 
television is on and every night at 11 o’clock there is a plane takes 
off and flies pretty close there. We know it is coming before we 
hear it. And until it gets pretty well out of the way we get jiggles 
on our television. This is the very thing that you have got to 
avoid—only this is a very simple, the most simple type of thing. 

Major Hammonp. Right. 

Mr. Miter. But when you speak of noise this is the type of noise 
you mean, these electric things that come out that can tart the 
efficiency of these great machines. 

Major Hammonp. Yes, sir. 

I might add that prior to placing a station, a very complete survey 
must be made of even the magnetic fields in the particular area 
where you are going to put one of these stations. This again empha- 
sizes the importance of putting these things in a radio-quiet area. 
_ Mr. Mixxer. Do you have, now, say in the case of Goldstone which 
is well isolated at the present time, do you have any easements to 
prevent anything coming out there in that vicinity ? 

Major Hammonp. That property out there is on the reservation at 
Camp Irwin. 

Mr. Mixter. It is on the reservation which gives you the easement ? 

Major Hammonp. Yes, sir. 

Mr. Asporr. In the particular case of Goldstone, there is a fortu- 
nate circumstance there in that the antenna is shielded, itself, by 
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the topography of the land in such a way that radio emanations 
coming in from the cities and other activities which are not too far 
away are blanketed and the antenna, itself, is in a dead region, 

Mr. Muturr. It is not a very good television reception area from 
the stations that you have out around there 

Major Hammonp. Right where this antenna is located, it would 
be a very poor television reception area. 

Mr. Mixer. I used to drive up and down California. In the old 
days you would want to pick up stations; you would be almost within 
a few miles of some of the powerful stations in San Francisco and 
you could not get them, but you could get a station in Fresno. Then 
you run out of that one going down the coast road and then pick 
up another one which you thought was a long way off. It was this 
same thing. ‘There are valleys there where they could not get 
through. I got so where I could judge pretty good where I was 
by the radio service. 

Major Hammon. This is radio navigation, Mr. Chairman. 

I might add that this same type of topography also determined 
our location in Australia and South Africa, a bowl-type of terrain 
where the antenna can be put in the bottom of the beri: 

Mr. Muuer. I assume—that part of California is pretty wild 
country. 

Major Hammonp. Yes, sir. 

Mr. Miter. Getting back, the first two items are for construction 
and permanent support facilities. I presume at these places you will 
have to put in housing and so forth for your people. 

Major Hammonp. Yes, sir, definitely; they are quite remote areas, 

Mr. Mixer. In these permanent support facilities what will that 
consist of ? 

Major Hammonp. I can give you details on that, sir. 

There will be some $700,000 of $1.7 million spent at Woomera, some 
$710,000 in South Africa, and $290,000 at Goldstone. 

In the $1.3 million, the construction of technical facilities—this is 
such items, incidentally, as the air conditioning for the electronic 
equipment, the operations buildings that are associated with those 
antennas. And when you change frequencies, when you are tracking, 
for example, on 900 megacycles and then you want to change to say 
200 megacycles to track on one of these big antennas, you must phy- 
sically change the antenna. You must physically get out to the feed 

int on the antenna and make certain physical mechanical changes. 

ow, to visualize an 85-foot diameter antenna, the feed point being 
some 100 feet in the air, it requires some feed servicing towers to 
enable one to make these changes promptly. This, incidentally, is 
about a 12- to 18-hour process when you change frequencies. i is 
quite unlike changing the channel on one’s T'V set. 

Mr. Ducanper. Do we take a lease from the foreign government 
concerned when we put this construction on ? 

Major Hammonp. Yes, sir. These agreements are—if not com- 
pleted at this time, they will be essentially any day now. Our people 
in conjunction with the State Department have been to these 
various countries. 
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Mr. Muizr. Now, I trust that when you talk about air condition- 
‘no—I realize that you need it, there is certain mechanical stuff that 
has to be ne at pretty constant temperature—but I hope you do not 
forget it in the homes of some of the personnel, too. sno 

Major Hammonp. These homes are essentially dormitories, Mr. 
Chairman, of course, and they certainly would have, let’s say, the com- 
forts for a reasonable type of living out there. We must have a fairly 
high grade of personnel at these stations. An awful lot depends on the 
operation of these stations, The several millions of dollars going into 
the deep space probe——— 

Mr. Mutter. I think it is essential if these people are going to work 
out in this country. 

Mr. Ducanper. These are lonely places, too. 

Mr. Mitzier. I am reminded—off the record. 

(Discussion off the record.) _ at 

Mr. Murr. Now then, to improve receiving, tracking support 
equipment and the trajectory measurement equipment, this is all 
highly technical. 

ajor Hammonp. Yes, sir. 

Mr. Mitixer. We will just have to take that—— 

Major Hammonp. These funds will be distributed between the three 
stations, incidentally. 

Mr. Miuier. The three stations. 

Major Hammonp. Again, they are to provide the extremely sensitive 
receiving equipment that is necessary at these various stations. When 
you are talking in terms of ae from hundreds of thousands of 
miles a good deal less than one single watt of power, you have a real 
receiving problem on your hands. 

Mr. Miuirr. And the other $1 million for the data-process equip- 
ment for tracking and telemetering, the data-process and handling 
equipment—the same argument holds there that you mentioned, I as- 
sume, a minute ago, in the case of the Minitrack; you have got to get 
the data back ? 

Major Hammonp. Yes, sir, very definitely; particularly during the 
early stages of the flight when the commands are sent to the vehicle to 
correct its trajectory, it is quite important to get these commands to the 
vehicle early in its trajectory. Then, again, as it approaches its des- 
tination—for example, a landing on the moon—again you must be able 
to translate data very rapidly so you can make proper corrections for 
the landing. 

Mr. Mitter. Any more question ? 

Mr. Cuenowetu. Off the record. 

(Discussion off the record.) 

Mr. Ducanper. On the record. 

When this system is complete, will we have a capability similar to 
that of Jodrell Bank ? 

_ Major Hammonp. No. First of all, Jodrell Bank is only one sta- 
tion, and it must be—the point, I believe, that the chairman made with 
regard to the homeland of Russia, Jodrell Bank can only be effective 
when England is underneath the vehicle, you see. 

Mr. Miter. The vehicle? 

Major Hammonp. Yes. 
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And furthermore, Jodrell Bank is some 250 feet in diameter ag op. 
posed to our 85 feet. This gives hima greater amount of amplification 
and he could track farther. However, this deep space net will take 
care of our missicus for the next few years until our propulsion js 
improved. 

Mr. Ducanper. Do you know of any plans for the United States to 
attempt to have the same capability as Jodrell Bank? _ 

Major Hammonp. We have in our long-range plans either one of two 
approaches. First of all, you can put two of the 85-foot antennas to. 

ether and so phase them that they give you the equivalent of the 
Rabie area, you see. Actually, at Goldstone, we do have two dishes, 
One is used for receiving and one is used for transmitting signals to 
the vehicle. ey 

Now, you can use both of these together as receiving devices and you 
have double the area of one—which gives you the effect of having twice 
as big a dish in area. 

Now, whether we will take this approach or whether we will go fora 
bigger dish at our stations will be the function of studies that are eur- 
rently underway. 

Mr. Ducanoper. I see. 

Mr. Assorr. There is one point here that might be made. Jodrell 
Bank is, of course, primarily an astronomical station and this accounts 
for the very large size of the dish. This country also is in the process 
of putting up large astronomical installations in West Virginia. 

Mr. Minter. I was going to say we have one going in over there. 

Mr. Assorr. These astronomical stations, although they are very 
good for reaching out great distances and receiving signals because 
of the size of the dish, also suffer from the point of view of space 
work from some other limitations. Because of the large sizes of the 
dish they cannot track very rapidly, for instance. They don’t have 
to for astronomical purposes. 

The difficulties previously mentioned about changing frequencies 
rapidly becomes even more of a problem on these big installations, 
But undoubtedly all available astronomical installations will be used 
wherever appropriate for space work to supplement the space net. 
But they cannot replace it. 

Mr. Ducanoer. I see. 

Mr. Mitirr. Under whose jurisdiction will this installation in West 
Virginia fall? Will that be NASA ? 

Mr. Ducanper. It is Navy, isn’t it? 

Major Hammonp. Actually, there will be three dishes, three large 
ene put at the installation in West Virginia, Sugar Grove, 

. Va. 

The Navy, yes, in 1962, I believe, will have a 600-foot diameter 
antenna available there in operation. 

The National Radio Astronomy Observatory, which I believe is an 
element of the National Science Foundation, currently has an 85-foot 
antenna similar to the one we have in Goldstone, and are currently 
constructing, a 140-foot diameter antenna. This will be available in 
December of 1960. 

Mr. Mitier. The National Science Foundation is putting that up! 

Major Hammonp. Yes, sir. 

Mr. Mutter. That is one of our babies. 
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Mr. Ducanper. Yes, sir. 

Mr. Azsorr. The National Science Foundation, I believe, operates 
it through a group of associated universities. 

Mr. Muter. Yes. 

This is off the record. 

(Discussion off the record.) 

Mr. Murr. That takes care of this $8 million on the deep space 

et. 
’ Have you any further questions ? 

Mr. Cuenowetu. No questions. 

Mr. Ducanver. No questions. 

Mr. Mruter. Thank you. 

Then, suppose we ge to the Mercury net, which is $15 million. 

Major Hammonp. All right, sir. 

To get the stations into the record 

Mr. Miier. Oh, yes, the stations in the record. 

Major Hammonp. I may have to do this one from memory. 

Mr. Miter. Is this for the deep space ? 

Major Hammonp. I put that in. 

Now, on the Mercury stations—— 

Mr. Miter. I don’t remember them. 

Mr. Ducanper. I don’t think they are listed. 

Major Hammonp. I have them here. I will read them into the 
record. 

Mr. Miter. Fine. 

Major Hammonp. Cape Canaveral, Grand Bahama Island, and 
Grand Turk Island. These are considered as one station, the Atlantic 
Missile Range Station. 

Bermuda; a mid-Atlantic ship; Canary Islands; Kano, Nigeria; 
Zanzibar; Indian Ocean ship; West Australia, near perth; Woomera, 
Australia; Canton Island; Hawaii; southern California; West 
Mexico; White Sands Missile Range; south Texas; Eglin Air Force 
Base; and the Computing and Communications Center at Goddard 
Space Flight Center at Beltsville, Md., and the Control Center at 
Cape Canaveral. 

Mr. Ducanper. Is the station on Hawaii at Kaena Point? 

Major Hammonp. It is on the island of Kauai, and I don’t believe 
it is at-——— 

Mr. Ducanper. Kaena Point 

Mr. Ansorr. No, it is not the Kaena Point Station. 

Mr. Ducanper. Yes, sir, I was there, too. 

: oe Assorr. The station that will be used is the one at Barking 
ands. 

Mr. Miter. That is up on Kauai. 

Major Hammonp. I beg pardon. Some of the Navy equipment 
was at Barking Sands. However, the topography of the Barkin 
Sands area was not quite proper. So this equipment is being woved 
up into the mountains behind Barking Sands. 

gt Ducanper. Kaena Point, I was out there last year and went 
up there. 

They afe tracking Discoverer at that station and also they told me 
that that was the station that would trigger off the descent of the 
Mercury capsule. Is that correct? 
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As a matter of fact, they showed me the button they would push, 

Major Hammonp. You are right and wrong, yes, sir, Mr. Ducander, 

First of all, the actual equipment that you saw will not be the 
equipment to be used. It will be some similar equipment. — 

In studying this very carefully with the Ballistic Missile Division 
people in charge of the Discoverer program, it turns out that there 
was a complete conflict in schedules. Both programs being of rela- 
tively high priority, it turned out that we in NASA found that we 
could get some surplus 584 radars, modify them into the type of 
equipment that is known as a Verlort radar, long range S-band 
tracking radar, and this is part of the equipment that will be put in 
the mountains on the Talent of Kauai to perform the function that 
you mentioned; namely, giving the command to the timing device 
that initiates the retrorocket action for the descent of the Mercury 
capsule. 

Mr. Ducanper. I think this would be a good time to ask this ques- 
tion, Mr. Chairman; I believe it is one that should be in the record 
because it is possible that you might be asked about it. 

Now, we have in this request for authorization a request for funds 
from the Mercury net, the Minitrack, and deep space net. At the same 
time, we have the Navy Space Surveillance System, the Air Force 
Space Track System, and the Air Force Discoverer net. 

Now, are there any duplications with your systems and the Armed 
Services systems ? 

Major Hammonp. I would say no, and I believe I can speak with 
a bit of authority on this, since I was the Headquarters ARDC project 
officer on Space Track, and was involved in some of the early plan- 
ning meetings on the Navy’s space surveillance equipment. 

The Navy Spacesur system and the Air Force Space Track system 
which must work together are for a quite different purpose, more of 
a defense type of purpose than our instruments. 

Our instruments cannot track a nonradiating satellite, except by 
sheer chance, if we by sheer chance nig ea to see with one of our 
optical devices a nonradiating satellite, then we can track it. 

We do, however, based upon information from Space Track, use 
our optical instruments to help them to supplement their tracking, 
because they tell us where to look, to find it. 

Mr. Ducanner. I see. In other words, each has its own mission? 

Major Hammonp. Very definitely. 

Mr. Ducanper. And therefore they don’t duplicate. 

Major Hammonp. Yes, sir. 

Mr. Ducanper. But you do have a good liaison between—one 
we the other. Is that a correct statement ? 

ajor Hammonp. I would say so; yes. The Spacesur system is 
primarily for detection. This is its major attribute, major contribu- 
tion, that of detection. There is no other device except some high- 
powered radars that, again, are very narrow beam width, and they 
more or less have to know where to look. 

Mr. Ducanper. The Air Force Discoverer net is for a particular 
program. 

Major Hammonp. You are absolutely right. That is quite another 
subject, you see. That is a net of five or six stations that—this equi 
ment is so designed that it can track and derive data from the Dis- 
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coverer satellite and issue commands to the Discoverer satellite on 
the given frequencies in the particular type of language or coding 
that that satellite likes to hear. ‘ / 

Mr. Ducanver. Do you know of any other stations or nets aside 
from the ones you have in the bill here and the ones that I have 
mentioned of the armed services ¢ ; 

Major Hammonp. There are applicable instruments at various 
places, such as a radar at the Atlantic Missile Range, which inciden- 
tally we use in our Mercury net when it is applicable. However, as 
far as nets are concerned ; no, sir. 

Mr. Ducanper. Thank you. I just wanted the record to show that. 

Mr. Cuenoweru. Is there any duplication of effort in this field? 
Mr. Ducander mentioned three different 

Mr. Ducanper. The armed services nets. That is the Navy space 
surveillance system, the Air Force space track system, and the Air 
Force Discoverer net, plus the three that he mentioned. 

Mr. Cuenowetu. There is no way to build one system which would 
take care of all of these ? 

Major Hammonp. No, sir. Our three nets, speaking ony of the 
NASA nets, these three nets are so designed and so built that they 
cannot adequately do the job of the others, because the jobs are quite 
different. 

The deep space net, as I said, consists of huge antennas, they are 
tracking hundreds of thousands of miles, very minute signals. 

The Mercury net must be very rapid in its reaction because of 
the real-time nature, you must derive the position information of 
the capsule as it is flying. 

The minitrack network is a system that keeps track and derives 
data from a satellite that will be up months and years. 

They are quite different. 

Mr. CHENowETH. How many of these different instruments are 
there going to be around the world altogether?’ How many do we 
have right now ¢ 

Major Hammonp. I would say that as far as NASA is concerned, 
we are in very good shape as far as getting the necessary data back 
from our missions, be the mission one of deep space probe, vertical 
probe, Earth satellite or manned satellite. 

‘Mr. Cuznowernu. The completion, then, of this program for which 
you are asking the funds now will virtually complete the program 
so far as NASA is concerned, or will you have further requests, 
ae needs? Or is this going to pretty well give you what you 
want 

enor Hammonp. This will give us what we need for the fore- 
seeable future, for the planned programs that we have to support 
at this time. 

Now, as people in Dr. Abbott’s capacity, for example, think up 
new problems for we instrumentation people, we will probably be 
back asking for more funds in subsequent years; yes, sir. 

We simply have to meet the requirements of the scientific experi- 
menter. 

Mr. Assorr. Perhaps I should say something about this whole 
problem. I participated last fall for about 3 months in a very in- 
tensive joint Department of Defense-NASA management exercise 
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on this whole problem, to try to find out what the score is. Actually 
I think the situation is pretty good. 

Now, coordination is taking place on a day-to-day basis between 
people in the Department of Defense, including the military service 
and NASA. It is probable that some more formal mechanism for 
coordination will be set up, but nevertheless coordination is taking 
place now very thoroughly on this matter. 

Basically, what we have—when I say “we” now, I mean the United 
States—on this tracking system, are the following: 

There is the minitrack net, which is a general purpose satellite 
net and serves a great many of general purpose things, both for the 
Department of Defense as well as for ourselves. 

There is the deep space net, which has been coordinated with the 
Department of Defense, and there will be the one deep space net and 
only the one deep space net which is needed for these deep space 
probes, lunar missions, and this sort of thing. 

Mr. Cuenowern. The minitrack has the 14 stations? 

Mr. Aszorr. The minitrack has the 14, deep space has basically the 
3 stations. 

Mr. Cuenowetu. Three; yes. 

Mr. Azporr. Now, on top of this, as far as NASA is concerned, we 
are putting in the special purpose Mercury net. This special purpose 
net is making use of installed equipment already existing on this great 
circle that the Mercury capsule is going to traverse, wherever possible, 

That is, such as at Cape Canaveral; Grand Bahama; Grand Turk; 
Woomera, Australian; Eglin Air Force Base, other places like that, 

In addition to that, it is making use of a new station at Bermuda 
which will be the only additional permanent station in the Mercury 
net, and is being made permanent not because of the Mercury net but 
because it will serve as a down-range station for Wallops, which is 
badly needed. All the other things which are being put in for the 
Mercury net in the various places that Major Hammond has men- 
tioned, is being put in in the form of equipment which can be picked 
up and moved as required at later date for other purposes. 

So it will constitute a net for the life of the Mercury project, but 
then the same equipment can be picked up, moved to other localities, 
to form another net that may be needed later on for other purposes. 

Mr. Curenowern. How many stations are in the Mercury net? 

Major Hammonp. It will be 18, counting the control points. 

Mr. Cuenowernu. Eighteen. 

Major Hammonp. Yes. 

Mr. Ansorr. Now, on top of this, what we have in the United States 
are essentially the other nets which were mentioned by Mr. Ducander. 
There is the surveillance net, which is for a very special defense pur- 
pose. It is to find unradiating objects, and you will remember they 
succeeded in locating one recently. 

Then, you have special purpose nets that the military will have to 
put up from time to time, such as the Discoverer net. 

Mr. Cuenowetu. Are these worldwide ? 

Mr. Asporr. These may not necessarily be all the way around the 
world. It will depend upon the military mission which they wish to 
perform. But where they have a very definite military mission to 
perform, they will find it necessary to put in a special system to do 
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that. But this, I believe, is unavoidable and is associated with the 


ect. 
Pithe only other thing that we have that complicates the picture is 
that we do have these extensive missile ranges, Atlantic Missile Range 
and the Pacific Missile Range, primarily, with Eglin getting into the 
icture. 
These missile ranges do, of course, have types of equipment which 
are useful for space work but they are there primarily for the mili- 
missile purposes and are needed for those purposes, and will be 
used, both by the sot er se of Defense and by ourselves whenever 
the equipment is available for the space work to avoid putting in other 


ings. 

So that I do not believe that we have an extensive duplication at 
all, and it really is very hard to to find any duplication. 

Mr. Cuenowetn. You have got these three nets, minitrack, deep 
space, and the Mercury, for the Space Agency # 

Mr. Apport. Yes, sir. 

Mr. CuenowerH. The Air Force has some, Army has some, Navy 
has others. I just wonder how complicated this whole system is 

tting. 

oa I think it appears to be more complicated than it 
really is. The Air Force is running the Atlantic Missile Range, for 
instance, but the Air Force runs the Atlantic Missile Range as a 
service to everybody that goes into the range, including not only other 
military services, but NASA. We are making extensive use of it. 

The Pacific Missile Range is under cognizance of the Navy, but 
again the Navy is operating this range as a service organization and 
they serve everybody. They have given extensive service to the Air 
Force. At the present time, there are very definite plans for Army 
utilization of it, and we will be using it, too. 

Mr. Cuenowern. The reason I mention this, there are those who 
are critical of course of the whole space program and are trying to 
find all the faults they can. This might be a place where we might 
be vulnerable. 

They say here: Look at all this duplication of effort. Why 
shouldn’t there be one agency that supervises all of these nets? They 
are just duplicating each other, each one is trying to outdo the other, 
see how extensive he can go. 

You see, we are in a field we know nothing about. Not being scien- 
tists, we can’t—I can’t. The Chairman here has more experience and 
knowledge than I have in these things, but the ordinary Member of 
Congress does not understand the technical and scientific implications 
involved. 

Mr. Ansorr. Yes, sir. On the surface it looks like very bad man- 
agement. Actually, I think it is working out very well. 

Mr. Cuenowertu. We have faith in you. We are just going to 
have to defend what you and the others are doing, because from a 
scientific standpoint we just don’t have that information. We have 
to have confidence that you are doing what is best and that you are 
trying to conserve funds where you can. 

Mr. Angorr. I think a good example of how this thing is working 
out and working out very well is in connection with the Mercury 
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uet, where we are of course making extensive utilization of Depart. 
ment of Defense facilities throughout the world. 

On this the Department of Defense has set up General Yates, who 
is also the commander of the Atlantic Missile Range, as a single cop. 
tact point with command authority in the ee of Defense 
for this Mercury operation throughout the world. So that we haye 
one man that we can go to and : has the authority to coordinate 
this in the Department of Defense, not only in the Air Force and his 
own Atlantic Missile Range, but throughout the services, his author. 
ity in this respect evolving directly from the Chiefs of Staff. 

Mr. CuEenowetu. Has he just recently been given that assignment} 

Mr. Asporr. He was given this assignment 6 months ago or there. 
abouts. And it is working out extremely well. 

Major Hammonp. Would it be helpful if we read into the record 
those stations of the Mercury net that are Department of Defense 
stations that are already there? 

Mr. Miter. Yes. 

Mr. Cuenowetu. I think that would be very helpful. 

Major Hammonp. Cape Canaveral; Woomera, Australia—this, of 
course, is not our Department of Defense but it is the Australian 
equipment that is being used by NASA—Hawaii; southern California, 
PMR; White Sands Missile Range; and Eglin Air Force Base, 

Mr. Miter. Just running down very rapidly here the ones that we 
can understand: You are asking for $2,400,000 for station construc. 
tion, and you got $2,245,000 last year. This is the next increment to 
complete the construction in the 1961 year ? 

Major Hammonp. Yes, sir. You will notice 2,245,000 is the fiscal 
year 1960 supplemental. 

Mr. Mier. That is the 1960 supplemental ? 

Major Hammonp. Yes, sir. 

Mr. Miter. Will this complete all of it, or will you have to come 
back in the future ? 

Major Hammonp. This will complete the Mercury net. 

Mr. The Mercury net? 

Major Hammonp. Yes, sir. 

Mr. Muuer. And this $2.4 million is used throughout the whole 18 
stations ? 

Major Hammonp. Throughout; yes, sir. 

Mr. Mutter. Let’s see what else we have got here. Seaborne radar 
stabilization equipment—— 

Major Hammonp. I believe you missed one, the S-band radar 
for $400,000. 

r. Mitter. The S-band, that is the one? 

Major Hammonp. Right. That plus the supplemental request was 
made necessary when we had to put in our own S-band radars at 
those Discoverer stations that Mr. Ducander brought out when it was 
found out about the conflict in programs. 

Mr. Miter. The seaborne radar stabilization equipment. 

Major Hammonp. I would like to say for the record, Mr. Chair- 
man, that that is not definitely established at this time, whether that 
will be a land- or sea-based station. This will be a function of the 
negotiations with the Mexican Government. 
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Mr. Mutter. Radar accessory and modification. That is just bring- 
ing them up to date? 
Yes, sir. Spare parts—— 

Mr. Mutter. Improvements in Stee communication system, that 
js part of your data processing and handling ? 

ajor Hammonp. Right. This is the operational and administra- 
tive integration of all of these stations. 

These funds, incidentally, are for the procurement of capital equip- 
ment. You would find in our “Research and development” budget, 
under “Operations,” the funds to pay the tariff charges on the lines 
that we must lease. 

Mr. Mutter. What is this telemetry and radar data processing and 
display equipment ? ; 

Major Hammonp. The funds there are for—well, let me explain 
just a bit here, first. 

As the capsule flies, you will find that the occupant will be in com- 
munication with the ground stations. At each ground station we will 
have medically trained people as well as Peon that are familiar with 
the capsule environment and will, in effect, be able to diagnose the 
astronaut’s health, if you will, as he flies over the station. e tele- 
metering display equipment at each station will be presenting infor- 
mation relative to this man’s heart actions and what have you. 

Furthermore, these funds are to equip the control pomt at Cape 
Canaveral. 

Mr. CuenoweETH. Right there, may I ask a question ? 

Major Hammonp. Yes, sir. 

Mr. CurenowetH. What could we do about it if we find out some- 
thing does go wrong ? 

Major Hammonp. You can bring him down at the earliest oppor- 
tunity. There is provision for a recovery area in each orbit. 

Mr. Cuenowetu. Before the orbit is completed, then ? 

Major Hammonp. At the completion of the orbit, yes. It would be 
better to leave him in orbit than to simply bring him down at any 
place because he would be hopelessly lost, you see. 

Mr. Cuenowertu. The orbit would take about an hour and a half, 
wouldn’t it? 

Major Hammonp. No, sir. The orbit on this, it is a low altitude, I 
think it is only in the order of 90 minutes—well, yes, of course—— 

Laughter ] 
ajor Hammonp. This always throws me. 

Mr. Cuenowetu. I had that impression. 

Mr. Miturr. Well, anyway, it also tells us the mistakes, if anything 
does go wrong, we want to know it, because this is one of the reasons 
you are sending him up, to know the mistakes we have made. 

Major Hammonp. Yes, sir. 

Mr. Cuenoweru. In other words, he has to complete: that orbit? 
Supposing something goes wrong within the first 15 minutes, say, you 
are going to let him complete the orbit. 

Major Hammonp. Within the first 15 minutes I think he could still 
be recovered. 

Mr. Curnowreru. When does he pass that point from which there is 
noreturn? I don’t care for the minute detail. 

Major Hammonp. I think about 15 minutes, yes, sir. 
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Now, what happens if something goes wrong after that? First of 
all, the probabilities of something happening are much higher in that 
first 15 minutes. The probability is perhaps the greatest of something 
happening right at launch. 

The next most probable place where something will go wrong is at 
the point of the injection of the capsule into orbit. 

Mr. Cuenowetu. How many minutes is that ? 

Major Hammonp, I think about 5 to 6 minutes. 

Mr. Curnowern. How far apart will these stations be, where you 
can track him to find out just what is going on, in time? 

Major Hammonp. In time? 

Mr. Cuenowetu. You say there are 18 of them altogether. 

Major Hammonp. They do not all track, however. 

Mr. These stations—— 

Major Ham»onp. Let me also read into the record the number of 
those that track. 

Mr. Cuenowetu. Yes, I would like to know that. 

Major Hammonp. All right, sir. You appreciate the difference be- 
tween tracking and simply gathering telemetering data? 

Mr. Cuenoweru. By tracking, you mean they are getting full in- 
formation on the capsule ? 

Major Hammonp. By “tracking,” I mean that they are measuring 
where he is in space with respect to some position on the Earth, you 
see. This isthe term “tracking.” 

Mr. Curenoweru: How about getting his physical condition, that is 
not part of tracking ? 

Major Hammonp. No, sir. The physical condition—you are right, 
this is transmitted back to each one of the stations. 

Mr, Cuenoweru. Each one? 

Major Hammonp. Yes, sir. 

Mr. CurenowertH. Each one of the 18? 

Major Hamaonp. Each one of the 18. 

Mr. Curenowetn. Each one will get that? 

Major Hammonp. Yes, sir. Furthermore, each one of these sta- 
tions will be able to have voice communication. 

Mr. CHENOWETH. Voice communication ? 

Major Hammonp. Yes, sir. 

Mr. Cuenowetu. Is that right? 

Major Hammonp. Right. 

The stations are so planned that there is approximately 5 minutes 
out of every 15 that you will be able to communicate with the 
astronaut. 

Mr. Cunnowern. Five minutes out of every 15? 

Major Hammonpn. Yes, sir. 

Mr. Cuenowetu. A third of the time. 

Major Hammonp. Yes, sir. This was one of the criteria that went 
into the design of the network. 

Ra CuEenowetH. He would be in touch with one of these stations, 
then ¢ 

Major Hammonp. Right. As I pointed out, each station has the 
trained personnel there that are familiar with the life support of the 
capsule and things of this nature. So they will be able to detect— 
if, for example, the capsule has something wrong with the oxygen 
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supply, 1n which case he will be able to tell this, too, by his own 
instruments in the capsule, and furthermore the ground station will 
be able to alert him to this, and he can then go on his suit auxiliary 
oxygell supply. 

Mr. Curnoweru. Is he going to have any control of the capsule, 
himself? Or does that all depend on these tracking stations? 

Major Hammonp. Are you familiar with that, Mr. Abbott? 

Mr. Yes, sir. 

This is a completely joint system. He can have full control. Full 
control can be had from the ground or any combination. 

Mr. Miter. There was a good television program on this yesterday. 
Idon’t know whether you saw it. 

Mr. Assorr. I am sorry, I did not see it. 

But everything is duplicated at least twice. 

Mr. CuenowetH. Who is going to make a decision whether his 
orbit should be interrupted, whether it has reached a point—— 

Major Hammonp. I can even tell you the gentleman’s name. Mr. 
Walter Williams, NASA man, has been designated as the responsible 

rson for this decision. 

Mr. Cuenowetu. The decision will have to be made very quickly ? 

Major Hammonp. Very definitely. This is precisely why you can- 
not use the minitrack network to do this job, you see. There is one 
of your basic differences. 

Mr. CHENowETH. Yes, sir. 

Mr. Miuirr. All right. Without further ado, you are satisfied with 
this, I take it? 

Mr. I am. 

Mr. Miter. Thank you very much, Mr. Abbott and Major. I want 
to tell you that I have gotten a great deal out of this. I have 
enjoyed it. 

Mr. Assorr. Thank you, too, Mr. Chairman. We appreciate this 
opportunity a great deal. 

r. Miter. This is just fascinating. 

(Whereupon, at 12:11 p.m., the subcommittee adjourned, to re- 

convene at the call of the Chair.) 
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THURSDAY, FEBRUARY 18, 1960 


House or REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Suscommirtes No. 2, 
Washington, D.C. 

The subcommittee met, pursuant to notice, at 2:10 p.m., Hon. Olin 
E. Teague (chairman of the subcommittee) presiding. 

Mr. cur. Last year we asked the people that were up here if 
they would take each one of these—we may get most of it before we 
get through—and in as much detail as possible say just what you 
would say if you were over on the floor trying to tell the other Mem- 
bers of Congress why we should spend this money and what it is going 
for. 

That is a lot of work for you people, but actually it is what we 
need to use over there. 

Would you agree with that Mr. Bass, Mr. Karth? 

Mr. Bass. I would think so. 

Mr. Karru. Very much so. 

Mr. Teacur. I would like you to prepare what you would say 
to somebody on the floor who has heard none of the technical hear- 
ings, and knows little about it. Otherwise there is a good chance be- 
fore this is over that er will get cut in appropriations just exactly 
the way you got cut last year, and you can’t be cut 10 percent and 
not be hurt. 

We have to get the best information from you people. We don’t 
have it—I don’t. As much as I read and hear I still need whatever 
you prepare on each of these subjects, just as though you were talking 
to somebody who didn’t know what it is all about, because that is 
what we must do. These are complicated programs, and we need 
their explanation in layman’s language because the same concentra- 
tion we are putting in on this, they are putting in on agriculture or a 
“jllion” other things. 
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STATEMENT OF DR. ABE SILVERSTEIN, DIRECTOR OF Space 
FLIGHT PROGRAMS; ACCOMPANIED BY MILTON B. A 
DEPUTY DIRECTOR, OFFICE OF ADVANCED RESEARCH ppo. 
GRAMS; WESLEY HJORNEVIK, DEPUTY DIRECTOR, OFFICE op 
BUSINESS ADMINISTRATION; THOMAS E, JENKINS, ASSISTAy? 
DIRECTOR, OFFICE OF SPACE FLIGHT PROGRAMS; MORTON j 
STOLLER, ASSISTANT DIRECTOR, SATELLITE AND SOUNDINg 
ROCKET PROGRAMS; AND CHARLES J. DONLAN, ASSISTAy? 
DIRECTOR FOR PROJECT MERCURY, REPRESENTING THE ya. 
TIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Dr. Surverstetn. We will prepare for you a series of documents 
that will enable you to provide an understanding to the members of 
Congress on our subject areas. 

Mr. Tracvue. If feasible, if practicable. I can always do a much 
better job if I have been someplace and seen what I am talking about, 

Dr. Strverstern. We have an very anxious to have the members of 
the committee visit the various NASA installations. 

Mr. Tracur. Anything you members want to say? : 

Mr. Kartu. I would just say this, Mr. Chairman, that they are 
specially well prepared in giving us the reasons for large increases in 
these same areas. ; 

Mr. Teacur. That we had last year. 

Mr. Kartu. Where last year there were substantially less funds ap- 
propriated you see, or requested, to support the NASA plant for ex- 
ample. There are good reasons for it, going from $1 million up to 
$221% million, and then to $51 million, but 1 think you have to doa 
specially good job in preparing the whys and wherefores in those 
instances. 

Mr. Tracur. That is a very good point. You can sit up on the floor 
and add up two and two; you may not know a thing about it and you 
can see this increase and you are sure to be asked why that amount 
this year. 

Mr. Karrn. It was $1 million and $22 million last year, and of course 
$51 million this year. This is a big step and they will want to know 
why. 

Mr. Tracur. We are trying to help, and the amount of help we can 
give you will depend a lot on what you people can do. 

Shall we start with page 110? 

Dr. Strverstern. Mr. Chairman, I thought maybe in starting this it 
might be a good idea to refresh your mind on the flight program as- 
sociated with the major elements in these four categories we are dis- 
cussing. <A large percentage of the funds that we will discuss in our 
meeting will be aimed at the support of the flight programs that are 
carried on by us in the various areas of sounding rockets, satellites, 
lunar probes, meterological programs, and manned flight. 

I thought I could review very briefly the charts I presented to the 
committee showing our flight program, and use this as a focal point for 
discussions later of the details of the program. Would this be 
satisfactory ? 

Mr. Tracur. That would be satisfactory. 
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Dr. Surverste1n. We have shown on these three charts the flight 
rogram that we are proposing in the several years ahead. This is 
fiscal year 1960, 1961, 1962, and 1963 (fig. 7). 


AND PLANETARY MISSIONS 
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Our funding for these advanced programs has to start in fiscal 1960 
and 1961, so that the leadtime we need on these very complicated pieces 
of equipment we are building will be available. 

Mr. Tracur. Doctor, run through each one of those right quickly 
for us, Juno II, Thor-Able, and Scout, and so forth. 

Dr. Sttversrern. These designate the vehicles we are flying the 
scientific satellites with (fig. 8, p. 126) : The Juno IT is a vehicle which 
has been used in several of our previous firings. It is made up of a 
first stage booster, which is the Jupiter. The Jupiter, you know, is the 
IRBM that the Army built in Huntsville. On top of this we have a 
cage of solid rockets that form the upper stages. There are 15 of them— 
11 in the second stage, 3 in the third stage, and 1 in the fourth, and they 
fire in series, first the 11 fire, then the 3 fire and then the 1 fires, to 
provide the final velocity to the payload. The vehicle will carry a 
payload of about 85 pounds in a 300 mile circular orbit. We have 
used it within our program as a launch vehicle. It is a somewhat 
larger vehicle than the Explorer, the first satellite vehicle we used. 
Instead of the Redstone in the first stage we used the Jupiter. The 
Jupiter is twice as big as the Redstone. 
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EARTH SATELLITE MISSIONS 


Fy|1960| 1961 1962! 1963 
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Ficure 8 


This Thor-Able is a vehicle made with the Thor, which is the Air 
Force IRBM, and it has on top of it the same second stage in general 
— and the same third stage that is used on the Vanguard 
rocket. 

This vehicle was developed by the Air Force originally to do some 
of their work on nose cone heating of firing not in orbit, but on ballistic 
trajectory and has been used by us in our program before. 

Mr. Teacur. There you say the Thor-Able is meteorological. This 
will be for the meteorological mission ? 

Dr. Strverstern. Yes. We have 2 more vehicles we call Thor-Ables, 
although we have in the program the Delta which has basically the 
same components as the Thor-Able, and there are 12 of those in the 
program. 

Mr. Tracur. Going back to Juno, the Juno engine will be used for 
scientific satellites ? 

Dr. Stiverste1n. Yes. This Thor-Able is used for the meteor- 
ological program, and then the next chart you will find another one of 
these vehicles that is shown for this flight we are to make very soon and 
which we are going to fire a payload far out into space. 

So we have two of these in our program. I might point out both of 
these vehicles phase out of our program. These are vehicles we have 
put together to get the space program on the road. They are useful 
vehicles. This vehicle has quite a good record. This Juno I say is 
modification of the vehicle we put the Explorer in space with. 
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ogram certainly can’t wait for the development of new ve- 
sigee Gith nothing going on currently, so what we have done is adapt 
existing vehicles to the job. 

The Scout is a new vehicle which we have developed since we have 
been in business, and which soon is to go into flight operation, as you 
can see in this fourth quarter of fiscal year 1960. 

It is a solid rocket vehicle, made up by taking solids that have been 
either partially or wholly developed in our national program, and 
‘aoee by putting them on top of each other to give us satellite ve- 
locities. The first stage of this Scout rocket was adapted from an 
early development of the Polaris rocket. The second stage of the 
rocket came from the Sergeant rocket development program. Ser- 
geant, you know is the Army short-range missile. The third stage is 
a wholly new stage being developed for Scout and is an enlarged ver- 
sion of the existing rocket we are using on the fourth stage. This 
fourth stage is a rocket developed by Alleghany Ballistic Laboratory 
which has been used on both the Thor-Able and the last Vanguard 


Bid Bass. What are the dimensions of the Scout, Doctor ? 

Dr. SuverstTeINn. It is about 67 feet high. 

Mr. Bass. What is the diameter? 

Dr. Suverstern. The diameter is about 3 feet at the first stage. It 
has about a 21 to 1 ratio, in other words, the height of it is 21 times its 
diameter. 

Mr. Bass. Similar to the Vanguard ? 

Dr. Stpverste1n. Ina way; yes. I think it is slimmer at the bottom 
than the Vanguard, but it is about the same height. 

Mr. Kartu. That in effect is going to take over the job of what 
Juno IT has previously done? 

Dr. Strverstern. It is actually going to take over a number of the 
jobs. It will take over Juno II and some of the Thor-Able firings 
with a relatively inexpensive vehicle. The liquid fueled vehicles for 
example are costing us about $214 million to $3 million. We are 
currently expecting that the Scout will cost about $600,000 or $700,000. 
We are not really sure now until we fire it, but it is in that order. It 
will be on the order of one-fifth of the cost of some of our liquid 
rockets. 

Scout will reduce the cost and give us something that is versatile 
and can be launched from anywhere. It does not require as large 
a pad as used in the Thor or the other ballistic rockets. It ean be 
launched from a portable pad, that is relatively inexpensive. 

We hope it will have some of the early reliability that has charac- 
terized the solid rocket. The solid rocket in the past has reached a 
state of development earlier from the time of initial development 
= the time that it is really a useful vehicle than has the liquid 
rocket. 

Mr. Karrn. The leadtime is considerably less? 

Dr. Strverstrrn. Yes; to reach the same stage of development. 
This is another reason we have gone for it. One of the first steps 
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when the agency was formed, was to develop an inexpensive, easy-to. 
fire vehicle that would do the job that our smaller vehicles are doing 
now. 

Mr. Kartu. How does the cost compare with the Juno II? 

Dr. Sttversrern. It is much less expensive. It is in the ratio | 
would say right now—you might want to check me on this Mp 
Stoller but from one-fourth to one-fifth. 

Mr. Srotier. About that. 

Dr. Sutverstern. And the firing costs will be a great deal less, Jt 
takes a smaller crew to fire it. 

Now Delta is actually not a new vehicle, but it is a modification 
of the Thor-Able. In working with the Thor-Able we found it had 
several weaknesses we wanted to correct. In the first place, the guid. 
ance system on it wasn’t accurate enough. We ine the guidance 
system that had been developed for originally the Titan missile, and 

ut it in this vehicle. We didn’t buy a new system, we took an exist- 
ing system, that had already been tried out by the Air Force in one 
of their Thor-Ables that they used on the ballistic tests, and adapted 
the system to the Thor-Able. 

We strengthened up the turntable at the top and made a few other 
minor modifications of the vehicle. This is the Delta vehicle. There 
are currently 12 of those in our program. 

It is an interim vehicle, too. It is carried along in the program 
until it will be replaced by the Thor-Agena. 

Now, what we are trying to do basically is to get our vehicle down 
into probably five major types to cover the ranges of sizes and missions 
we need to do. We need something that will put satellites on the 
order of 100 to 200 pounds into orbit. And this is the job for Scout, 
We want something we can put up 600 or 800 to 1,000 pounds with, and 
this is the job the Thor-Agena will be able to do. 

We need something that we can put up 3,000 to 4,000 pounds in 
orbit, and 800 to 1,000 pounds to the Moon, and that is the assignment 
of the Atlas-Agena. Beyond that, the next step is Centaur, which 
will put approximately 1,800 pounds near the Moon, and some 7,000 
to 8,000 pounds in orbit. Centaur has been a research and develop- 
ment vehiele in the sense that we are for the first time going into the 
hydrogen-oxygen technology. Saturn is wholly hydrogen-oxygen. 
The reason we use hydrogen-oxygen is because of its higher impulse, 
that is a higher amount of thrust per pound of fuel burned in the 
rocket. In other words, what we are trying to do is get a fuel that 
has the most energy in it per pound. And so in our Saturn develop- 
ment the upper stages of Saturn now are hydrogen-oxygen. The 
Centaur will be used as one stage of the Saturn vehicle. 

The vehicle program, it serves as a background or basis for this 
scientific satellite program and our lunar program, and manned flight 
program. There are two things. To cut down the number of vehicles 
and to use engines and parts of vehicles over again so that as we 
accomplish a high level of development in the stage, we can continue 
to use it. I think it isa sound program in this respect. 

Is that an adequate enough description of these vehicles / 
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Mr. Teacue. Yes. 

Dr. Fine. 

Now we go along to our firing program itself, outlined here, and you 
will see there is an S, a C, and an M here, in different colors. The M 
is meteorological, S the satellite, C is the communications satellites. _ 

You see we have a firing here of a scientific satellite and here in this 
second quarter of 1961 we have two. On this page what we are show- 
ing are the vehicles which have either been—the vehicles and satellite 
payloads that have either been paid for with previous appropriations 
or which will be covered by the 1961 appropriation, and out here we 
show things in 1963 that will have to be started with the 1961 money 
because of the complicated payload. We have to plan ahead. We 
have prepared as you know, to present to you, at committee meeting, 
a plan ahead for 10 years in our thinking. It is absolutely necessary 
to plan in quite considerable detail for 5 years, because if you want 
to he some place at the end of 5 years, you have got to start now. 
The leadtimes in some of these systems are 5 years, in other systems 
it is 314 years, in other systems they are 2 years. 

What we have done is to go through enough of the engineer- 
ing treatment of these various areas so that we predicted the leadtimes 
and the types of things we are aiming for and when to start them. 

Mr. Bass. Doctor, what are the penciled numbers in the upper right- 
hand corner 

Dr. Sirverstern. I was going to continue now. What I was going 
to say is that is a general layout of the facts in the satellite mission. 
I am prepared to associate with each of these numbers to discuss with 
you the actual flight, the kind of instruments that we will fly on this 
mission, and what we are trying to learn on these missions. 

I can either go through this, and it will be a rather long discussion, 
one at a time or I can prepare for you a statement which will include 
this information and which you will be able to put your finger on any 
of these firings and say “This is what it is for.” 

Mr. Teacur. What do you think / 

Dr. Sinrversrrin. Or 1 might go through a few for you. I will do 
as you please. 

Mr. Tracur. As far as I am concerned, if you say it here now, I 
won't remember all of it. If you give it to us in writing, we can read 
it on the floor. I can spend the night before going through it 
and studying it; it will qualify me better than going through a long 
series now. 

Mr. Bass. I agree. 

Dr. Strverstern. Fine. What we will do is present for you a dis- 
cussion of each of these vehicles. 

(The information can be found at the end of subcommittee No. 2 
hearing of January 19, 1960.) 

_Mr. Teacur. Let me ask you this: anything in here that is sensi- 
tive, or that should be classified, you had better caution us. 

Dr. Strversrern. I think what we will do will be, I think that the 
material we will have, let me say, and can present to you, can be un- 


classified, and those materials that are classified I think can be left 
out in that presentation. 
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Mr. Tracur. OK. 

Dr. Strverstern. Most ofour program is unclassified. The statuto 
requirement almost requests the material be disseminated as Widely 
as possible. The only thing that is classified really are the charag. 
teristics of the boosters that are associated with the military program 
And this we must hold, because it is tied in with the military program, 

Now, let me go ahead, then, and indicate some more of our program 
here on the second chart. 

This I have indicated as an earth satellite program. Here this js 
a lunar and planetary program, different because in one case we haye 
a program of bodies that are orbiting the earth at different altitudes 
perhaps, along different inclinations with respect to the equator, Ip 
some cases we fire due east, others we fire inclined to the south, inclined 
to the north, and in many of our programs we will be firing from ou 
Pacific missile range instead of the Atlantic missile range, to get what 
we call polar orbits, where we fire due north and south, that fly 
basically over the poles. 

Now this program is different because we don’t do orbits of the 
Earth, but rather a firing toward the Moon and out deeper into space, 


You can see here that we have indicated firings here associated with 


our lunar and planetary missions. 

The first of them is to be quite soon, indicated here interplanetary 
and it involves the use of the Thor-Able vehicle, with a payload to 
investigate some of the properties of far outer space, and even more 
particularly we want to get a technical evaluation of the communiea- 


tions from deep space. We hope this vehicle will go well out into | 
space, and I am talking now on the order of 50 million miles, which is | 


our hope. 

It is being designed to do this. Whether we achieve it or not, of 
course is always a question. You set a goal and design for it, and 
then you do the best you can from then on. 


But what we want to find out is what does it take to communicate | 


with these distances, because in our later program we are going to be 
attempting to communicate with larger distances than this in the 
planetary work. That will be one of the principal functions of this 
test. 

Now, we have shown here in the next date of interest in the first 
quarter of fiscal year 1961, and the second quarter, two Atlas-Able 
firings. You recall in the past year we made two unsuccessful at- 
tempts with this vehicle to orbit the Moon. We haven’t given up yet. 
We have a beautiful payload, we think, and a payload that is well 
worth attempting to accomplish. 

Mr. Karru. If you are going to do that in the very near future, the 
a shot like we had on Thanksgiving Day; when is that going to 

e? 

Dr. Strverstern. This is the shot here, and it is shown in the first 
quarter of 1961. 

Mr. Karru. Aren’t you going to do it in a couple of weeks or so! 

Dr. Strversrern. No; that is this other firing here. That is not the 
same firing. This isa different one. 
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Mr. Srotter. The payloads are the same. 

Dr. SitversteIN. Well, they are somewhat the same. Of course 
this payload of the Thor-Able is considerably lighter than the other 
payload. Atlas-Able payload is around 300 pounds, and the Thor- 
Able payload is 87 pounds. 

Mr. Bass. Are those two lunar missions identical ? 

Dr. Strversrern. Basically identical. What we are trying to do 
here is to make the shot. In other words, it is a —- in a sense, 
because the payload we have developed here is a very good one. There 
is a possibility that one or two instruments will be changed from one 
payload to the next, if the first one is successful. 

Mr. Bass. Even if the first one is successful ¢ 

Dr. SirverstE1n. If the first one is successful, we will change some 
of the instruments in the payload. You see the basic payload, the 
package, the power supply, the energy source, the calimetry and these 
things stay the same, but the sensitive instruments you have in the 
payload can be taken out and others put in as we are developing 
instruments for this purpose. 

So that we will get, if this one is successful, we will get other things 
here. 

The following program with the Atlas-Agena, with the first firing of 
these vehicles in the fourth quarter of 1961, followed by four firings 
in the following year. This is our heavy lunar program here. Here 
we will have payloads that will be substantial. The payload for these 
vehicles will be on the order of 700 to 800 pounds, and with very 
substantial payloads with many advanced features on them. 

Mr. Bass. Are they designed to orbit the Moon or land on the Moon ? 

Dr. Sitverstern. The primary interest is landing on the Moon at 
different speeds, actually. The first of them is designated as an im- 
pacter. We are designing it so that the program will be initiated by 
an experimental flight to check out all the instrumentation, the hard- 
ware, and this is the beginning of the program. 

Now in 1963 we have two—this is fiscal 1963, actually calendar 1962, 
about August and October actually. There is a possibility for a 
Venus and a Mars firing. Here we are attempting to do it with the 
Centaur, because we can get payloads that are very substantial out 
to those distances with the vehicle. They are shown on here, 
interplanetary. 

Now again I can go through the descriptions of these, and I will be 
glad to put into the record some discussion of the actual objectives of 
the firings and the kinds of instrumentation. 

Mr. Tracur. That would help. 

Dr. Sitverstern. Fine. Go tothe next chart. 

Now the Project Mercury program (fig. 9, p. 132), which I think 
most of you are familiar with from many sources of information that 
exist on this project, this is our firing schedule and it includes firings 
with three vehicles. 
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FIGURE 9 


This firing here has already been accomplished in the first quarter 
of 1960. It is a Little Joe firing, a successful firing we just 
accomplished. 

There is one more Little Joe firing. Then we go into our program 
with the Redstone. Here in general I will say about this program, 
what we are doing is going through a very intensive development 
program here aimed toward qualifying the vehicle that we are using 
in Mercury, the space craft, and the man, and to do this we recognize 
many aspects of this whole system that needs to be qualified. For 
example, we have to make sure before we put the man in the capsule 
that the methods that we have designed for controlling and guiding 
this capsule are going to work. The same way before we put the 
man in, we have to make sure that the heat shield that we have on 
the front of this capsule can protect the man from the very, very high 
temperatures that are encountered in coming back through the at- 
mosphere. ‘To see that this heat shield is going to in fact stand up. 

We have to know that the structure that man is in is strong enough 
to undergo the various loads he has to go through. We have to know 
when that capsule sits down in the water it is not going to sink. We 
have to know it is stable on the water, that the man can get out of the 
capsule. The complicated systems of instruments in it, we have to 
know are going to be operative. 

We have to know by animal flights whether or not in orbit for this 
period of time, there is something in the human system that won’t be 
able to take it. The only way to find this out is to use this program. 
Through this program we are basically getting the qualification of 
every piece of it, leading up toward manned flight, which we are 
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hoping to have occur in this period sometime in calendar 1961, that 
js an orbital manned flight. And these vehicles here shown have been 
designed to accomplish these goals. 

Now again, in this program we can give you a very thorough, de- 
tailed discussion of the missions, how we will go about this process of 
qualifying the thing. 

Mr. Tracur. The more you give us, the better we can help you. 

Dr. Strverstern. Fine. Wecan prepare that. 

I thought it would be interesting to go through this, because most 
of the funds that you will find in the latter three of these four para- 
graphs we take up is associated with implementing this flight program. 

r. TeaGue. I hope this year we don’t take up your authorization 
under a suspension like we did last year where each one of us got 
about 2 minutes. And of course you people have to go before an 
appropriations committee after you get through with us. If we can 
make a roe kind of record when we put this thing on the floor next 
week it will help you people a whole lot when you get before the 
appropriations committee. 

r. SILVERSTEIN. Fine, we will provide that. 

Mr. Ames. Will you make clear what parts you are treating ? 

Dr. Strverste1n. The last three. 

Mr. Teacur. All right, Doctor, shall we go back to page 110? 

Dr. Strverstern. Yes, sir. 

Mr. Teague. Fiscal year 1959 was $1 million something, fiscal year 
1960, $22 million something, fiscal year, 1962, $51 million something. 

Mr. Ames. The reason for the $1 million item is there was a change 
for the budgeting procedure, for some of the money used for this kind 
of work in the previous budget were not set up in this form. The 
figure is not strictly suitable for comparison of $1 million. However 
the $22 million and the $51 are comparable figures. Last year they 
started the budget in this current form. 

Dr. Stiverstern. Let me explain first what this item actually in- 
cludes within the scope of the whole item of the support of the NASA 
plant. It helps to clarify to look on page 110—B, where we can see 
that these funds are used in support of operations at all of our various 
locations for centers that are listed on the left on page 110-B. 

You will see that at each of these centers these funds are used in 
support of the plant. Now those of you who have visited our plants, 
I think I can explain quite clearly to you the kind of operations that 
go on, and why they need support. 

Tn our salaries and expenses support we provide salaries for the 
people at these plants. 

In this account we provide the so-called DO-7, O-8, and O-9 
moneys that keep the plant running, the O-7 being the professional 
services to provide these people, for example if they have to have a 
piece of equipment, a special research equipment built for them on the 
outside, they enter into contract with somebody based on drawings 
they create with their staff to develop it. 

If they have to buy a piece of equipment such as an oscilloscope, a 
Geiger counter, or whatever the equipment might be, they have to 
have funds to purchase it. The maintenance of the plant from the 
standpoint of such things as window washing, purchased outside, any 
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items or repair or maintenance that are contracted for all come under 
this same account. 

These items we have listed here are based on experience first, and 
secondly, based on the changing situation that exists right now. Noy 
the experience that we have had in the past accounts for the bage 
number. The increase is associated with two things. One, this dif. 
ference between $22 million and the $51 million, between 1960 ang 
1961, if you will look down the list of locations you will find down jp 
NASA, Huntsville listed for the first time in 1961, an item of some 
$18 million in support of this plant. 

This accounts as you can see for an increase from $22,684,000 which 
is shown in 1960, up to about $4114 million, accounting for about al] 
but $10 million of the increase between 1960 and 1961. As you all 
know NASA will maintain Huntsville operation after or during fiscal 
1961, after July 16, and these funds are for that purpose. 

The other part of the increase, some $10 million, is due to the fact 
that currently in all of our centers we are preparing to handle this 
space job that we have and increasing size of the space program by 
some reorientation of the program areas. I don’t know whether many 
of you have been to our centers, our research centers, say over a period 
of 3 years, 3 years ago and now. You will see a major change in the 
direction of the work. When this happens, and it requires very care- 
ful planning by the research center directors—I lived through this 
experience for a number of years and know what it is to change over 
a plant from one type of activity to another, new equipment, special 
equipment, new resources are required to enable you to shift the gears 
and to utilize the people properly in the new program. 

Largely, the additional $10 million is associated with these items. 

There are some particular increases. I think the analysis by objects 
of expenditure at the bottom helps to clear up in a bit more detail the 
kinds of things that are included in support of the plant, and if we 
examine those you will see transportation of things, you will note 
there is an item of increase here of some $214 million between 1960 
and 1961 for the transportation of things. 

Mr. Tracue. Before you leave that other part, what is your western 
office, your PMRO office and AMRO office ? 

Dr. Stiverstetn. The western office of our organization is an office 
that has been set up in Los Angeles to carry on for us on the west 
coast for some of the procurement activities that can be handled 
more expeditiously there because some of our contractors are located 
in that area. It enables us to make contacts with the industry which 
is highly centered in that area, with technical people who are stationed 
at the center. 

It enables us to locate people there who are following some of our 
development programs through the plants that are operating there, 
and I will give you an example. We have several men located there 
who are technical people following the Centaur program. Now the 
Centaur program is being done by Convair on the west coast. It is 
very inconvenient to have these people riding back and forth all the 
time from the east coast to the west coast. It is a detailed job, so they 
are located there. 

Mr. Tracvue. Are the other offices the same? 
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Dr. Strverste1n. No, we have an office for making contact with the 
AMR range at Canaveral. We have many projects going on the range. 
We need a man to represent us down there who sits down there and 
passes along to the range office our requirements. 

Mr. Kartu. What is that salary, then, that $8,000? 

Mr. Ames. No, there is no salary in here. 

Dr. Suiverste1N. There is no salary in here. These are general 
supplies required to operate the offices. 

r. TeacuE. And PMRO? 
Dr. Suverstern. PMRO is an area which we will—I mentioned in 
oing through this program, we will be starting to fire from the west 
coast the PMR range. We will have to have an office there to transmit 
to the range there our requirements. 

Mr. Teacur. Any question on that upper part ? 

Mr. Bass. No, I have none. 

Mr. Karru. I think he might, in his brief, explain the reason for 
the big jumps at Langley and Lewis Centers, which takes care of $6 
million of the other $10 million. 

Mr. Ames. I can comment here if you want me. 

Dr. SttversTern. Yes, I will ask Mr. Ames, who is the Deputy to 
Mr. Abbott who is in charge of the headquarters operation of our 
advanced research programs, to manage these laboratories. 

Mr. Ames. I would like to treat the items of Langley, Ames, Lewis 
and Flex Centers, these are the research centers. The increase in our 
1961 requirements for the service, the contractual services, supplies, 
and equipment needed in supporting our research centers, results 
chiefly from the need for providing these laboratories with new special- 
ized types of equipment required for research on space flight problems. 
This is a reorientation problem, where in the past we did work some on 
space, but we were pretty closely alined in aeronautics. We have been 
going through a transition period. Now this money is needed not for 
additional people but to give the people we have, we have been training 
the last baver’st years, and reorienting them, to give them the equip- 
ment they need in order to conduct research. 

Mr, Teacur. Gentlemen, this is Congressman Wolf, of Iowa. 

Mr. Wotr. How do you do. I was involved in two debates and 
couldn’t get here any sooner. 

Mr. Ames. Some of the factors—— 

Mr. Tracur. This is Mr. Ames talking now. 

Mr. Karrn. Sir, you might list some of the new equipment by 
names, 

Mr. Ames. Yes, I have some items I will get to. 

In general, our needs in plant support, as I said, are largely inde- 
pendent of the personnel levels, and reflect costs associated with 
accelerating our research programs in various supporting space ob- 
jectives of NASA, and to a certain extent the military. We do 
research and support for both organizations. 

Some of the factors affecting those proposed levels of expenditure 
here are high initial tooling-up costs in these advanced research areas, 
and here I want to identify them. They are materials—the applica- 
tion of materials for space vehicles, and advanced propulsion sys- 
tems, such as nuclear and electrical powerplants. Hypersonic 
aerodynamics. We are now concerned with reentering the earth’s 
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atmosphere not at orbital velocities but we are trying to get research 
leadtime in coming back to earth at higher velocity, at 27,000 feet 
per second. Our problems in higher speed range are much more 
difficult. 

Dr. Stiversrern. The losses you are talking about are those yoy 
achieve in coming back from the Moon. 

Mr. Ames. Yes. This is an area now, we start research in this 
area now to give us leadtime for the vehicle that Dr. Silverstein jg 
already planning and giving consideration to. 

In addition, we are going out in the—we have the equipment we 
need to support our studies on control, guidance, and navigation in 
support of our space program. 

Now, the whole nature of this work is such that the equipment we 
need is expensive and increasingly complex. These experimental re- 
search programs are much more complex than those we had before, 
because of the high velocities and higher temperatures and more per- 
formance we are trying to get out of our rockets. 

In addition, we have a number of major new facilities with higher 
operating costs which are coming on the line in our centers this year, 

One such activity is our Thunderbird missile at Lewis Research 
Center where Dr. Silverstein was for many years. 

The Ames Research Center, we have a 314 foot hypersonic wind 
tunnel. The temperature gets so hot we have to cool that nozzle 
with helium. 

At Langley, we have a 7-foot thermal structural tunnel, where we 
are trying to create on the ground temperature and pressure environ- 
ments these vehicles will have in space, so we can have research and 
design to bring the state of the art up to a point where we can get 
reasonable engineering solutions for these vehicles. 

Lastly, we do have a large backlog of necessary repairs in attrition, 
replacement of obsolete equipment, and depleted stocks in many 
areas here. 

I wanted to deal a little bit with each of these centers. I thought 
in a general way to give you a feeling for the kind of work each of 
the centers is primarily built. 

In terms of research programs at Langley, down here in Virginia, 
we are expanding our research activities there and one of the items 
I mentioned, hypersonic flow, going to velocities higher than orbiting 
velocities. We are doing considerable work on high temperature 
materials and structure—this is the outer shell of the vehicle—to 
withstand conditions in space enviropment, the temperature condi- 
tions in coming back to the air’s atmosphere, or going to the atmosphere 
of a distant planet. 

In doing this research we find in many cases we have to do our 
research on our own instrumentation. We are measuring things 
that haven’t been measured before. In many cases we devise our 
own instruments. 

In addition, we require a good deal of electronic equipment in our 

idance and navigational studies, and Langley, for many years, 

as been using our Wallop’s range, because at times we have difficulty 
simulating environments on the ground, so we go out with rocket 
models in ballistic paths. 


| 


1961 NASA AUTHORIZATION 137 


I will give you one example of a problem we are tackling. It is 
difficult at times to simulate In one experiment the true environment 
that a vehicle will experience, so by use of rocket models, we can 
fre out through the atmosphere and back in and reach the high 
temperatures and pressures that would be experienced . ' 

Now, the important thing is an experiment of this sort is a very 
costly experiment. We don’t do it very often, and we want to get 
all the information back we can. So we do—Mr. Stoller here spent 
a good deal of time in the Langley Instrument Research Division, 
developing the special instruments we use to make these measurements, 
high quality, scientific measurements. 

A good part of our work at Langley goes into that area. 

Now, in the past, the military services would provide us with the 
rocket-propelled models. They no longer do this, and part of the 
increase in budget here for Langley—you have $5.2 to $9 million, 
$214 million approximately is Just in buying rockets, so we can run 
these experiments. That is the cost for running these experiments. 

Now, dealing with the work at Ames, which is the next item here, 
where we go from $3.6 million to $4 million, the increase is not as large 
as at Langley. Here our research program is going through rapid 
transition in the areas of space mechanics, fluodynamics at extreme 

eds, stabilization control and guidance, where we have considered 
the man in the vehicle. We are already running on the ground 


simulating 
Mr. Tracur. Excuse me. 
Off the record. 


(Discussion off the record.) 

Mr. Tracur. Back on the record. 

Mr. Ames. We put a man in a cab that moves, that swivels a little 
bit. If you have ent out to Ames, at their flight center, you can see 
it. We hook this up to analogs, where we can feed into this capsule the 
man is flying by control. It has the bench models of control systems 
that we will use in space. 

We can feed into this cab some of the motions that man would ex- 
perience in flying back, say from the Moon, or in flying back from a 
modification of Mercury, or a type of Mercury vehicle, a space ferry 
coming back from a space station. 

We can see what the requirements are to make a control system and 
the man, and the inherent flight characteristics of this vehicle compati- 
ble. We put them altogether in a control loop. 

Soa good deal of our work at Ames is in the control gear we actually 
use on the ground, but we act as though we are flying it. 

In the analogs and the other computing equipment that we use there 
in this pilot consideration of finding out what tasks a pilot can per- 
form in a more sophisticated vehicle such as we look forward to in the 
future. 

Then we go back to the wind tunnels, and our other studies of con- 
trol in space, and try to push our research in that direction, so that 
ultimately the man and his flight equipment and his vehicle will be 
compatible, and be able to perform a mission precisely as we would 
like to have it. 

This is the direction the Ames Center is going in. 
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Also at Ames, we have quite a few facilities where we are firing guns 
at very high velocities into wind tunnels, so we can simulate on the 
ground these high velocities I talked about. 

There is no single facility within our know-how today that can give 
us in one experiment all the conditions we want to know. This is why 
we have different kinds of guns shooting in the wind tunnel. 

We have a long range out there getting velocities up around 25,009 
feet per second. We have prototype models of pilot research facilities 
where we can get 40,000 feet per second. 

If we can do this on the ground, we can learn a whole lot more and 
provide basic materials for Dr. Silverstein’s people, who will guide us 
more intelligently in our advanced vehicle programing. 

Now, at the same time, at Langley a Ames we are working on 
lower leveling in the past, on low-speed aeronautical problems, on 
DTOLand STOL aircraft. This is all in this coming year. 

Dr. Strverstern. Will you define the terms? 

Mr. Ames. DTOL is a vehicle that takes off and lands vertically, 
STOL is one that takes off steeply, but not vertically, and can land in 
amore compromised landing than the vertical landing. 

The Army is particularly interested in this type of aircraft, and we 
are working quite closely with the transportation corporations in hel 
ing them come up with requirements that in the time period of their 
development will be within the state of the art. 

Mr. Tracur. I wonder how that program got under NASA ? 

Mr. Ames. Well, the research part of itis under NASA. The Army, 
of course, will buy their vehicles as the Navy and the Air Force do. 

But the old NACA practice which we are continuing here, is to keep 
a close ear to the ground, to see what the Army wants to try to do. 

Usually, the services want to do something beyond the state of the 
art. Wetry toclose the breach. 

Mr. Tracur. What is the status of that program? IT saw the models 
down at Langley. What is the status of the DTOL and the STOL? 

Mr. Ames. I can describe it best in the simple form by stating there 
are three basic areas. Tirst, there is the test bed area where we have 
some of these vehicles flying today. If you look at them, they are very 
crude looking machines. They have no payload except a little research 
instrumentation, a pilot, and some fuel. { 

The purpose of these machines to test their program is to try in 
flight these various concepts to really see how they fly. 

The key problem to the vehicles are twofold. One is: Will they have 
what we call flying qualities so a man can handle them adequately and 
perform a useful flight mission ? 

The second one is: Once we compromise this vehicle to make it fly 
the way a pilot would like to have it fly, being a nice flying vehicle, 
will it have any payload ? 

The helicopter and the DTOL and STOL type so far have not really 
had much payload, because you pay a penalty in structural weight for 
the gadgets that we need to make them fly this way. 

So we are working on performance, and we are working on stability. 

We have worked hand in glove with the Army in wringing out of 
these flying test beds all of the research information and engineering 
information that we could get, That is one phase. That program is 
still in its early flight stages. 
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The second phase I want to talk about is the phase where we are now 
working with the Army, helping them to arrive at a realistic require- 
ment, or requirement for a vehicle that would be suitable for their use, 
which is realistic from the standpoint that a good aircraft engineer- 
ing company could design and develop this in a reasonable time 

riod at a reasonable cost. +f 

One reason I think you want this in executive session, we just can’t 

tin the next year or two the kind of vehicle the Army would like to 
really have. This leads us to the third stage. 

Weare doing rather general down-the-road research, in our centers, 
to see if we can’t ultimately help the Army into the kind of vehicles 
they would really like to have to perform the Army mission. This is 
the third phase, this is a longer-range research program. 

Is this clear enough, simple enough ? 

Mr. Teacue. Yes, sir. 

Mr. Ames. We are doing some of this work at Langley and Ames. 
This falls into the category of objective research Mr. Abbot talked 
about, if you remember, before your whole committee, where we have 
a research program. But our objectives are definitely pointed 
towards getting useful vehicles for the Army, to provide the en- 
gineering information needed, so that the Army could have useful 
vehicles. 

I wanted to speak to you on the work at Lewis. Every time I talk 
about Lewis I feel Dr. Silverstein can do a better job than I can. 

But our increased funding at Lewis is predicated upon intensifica- 
tion and expansion of our research programs on electrical and nuclear 
rockets, electrical power generation, and basic material research 
related to propulsion. 

This material research related to propulsion is pretty fundamental 
in getting the higher specific impulses that Dr. Silverstein mentioned. 

Temperature is one of the basic limitations. If we can get tempera- 
tures in our reactors, temperatures in our other rockets operating up 
higher than 3,000° to 4,000°, up around 5,000° or higher, there is a 
tremendous gain in performance. 

If Vd thought of it, I would have brought a chart along to show 
what these gains are. But they are quite large, and they are quite 
worth going after. 

Part of this is getting to understand better the materials we have 
at these temperatures, and in getting modifications and improvements 
in some of the alloys and in the application of the materials, once you 
get these better alloys. 

So we are expanding our work in materials at Lewis. 

_ Now, the facility at Lewis, which works on rocket systems, includ- 
ing nuclear facilities, is nearing completion. And a good part of our 
funding at Lewis is in buying equipment and buying the supplies 
and the instrumentation for Thunderbird. 

A $2 million in our Lewis item here is simply in buying fuel, propel- 
lants. In the past we used to get propellants from the services, but 
now we are considered large and independent, and they said why 
should we give you $2 million. We are interested in it, you are more 
Interested in it, and you foot the bill yourself. 

There is another $2 million increase in the Lewis item here for that 
purpose. 
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We estimate at Lewis that we would need contracting authority to 
the extent of about a million dollars to fabricate experimental ep. 
gine and engine component parts for research, not the kind of com. 
ponent that would fly, but the kind that you would dare to try ing 
research experiment. 

This is not even in the advanced technology. This is even further 
down the road than the advanced engineering technology part of our 
program. 

So this accounts for about 2 million on propellants and 1 million 
on the contractual for advance engine parts, and that takes a good 
part of the $3 million that we have there for Lewis. 

Now, at our Flight Research Station, I am sure all of you are aware 
that most of our—our major program at Edwards is attributed to 
tooling up and operating costs associated with our first research flights 
of the X-15. It has honestly taken us longer to get that vehicle 
ready to fly for research purposes than we had hoped, and we are 
going to push hard in the remainder of fiscal year 1960 and 1961 to 
really take the cream off of that project, by achieving maximum 
altitude and maximum speed. Maximum speed will come first. 

One of the major items of expense there is that when this airplane 
goes up to 50 miles, and is going to reenter, we are beyond the part 
of the atmosphere where the Weather Bureau can tell us what the 
conditions are, temperature and pressure and things of this sort. 

In order to know what the pilot is going to experience, this is a 
pretty critical flight plan the pilot has, and in order to interpret the 
data once we get these measurements, we have a program whee we 
fly an F—104 at high altitudes, 60,000 to 80,000 feet, then we launch 
rockets from this airplane sending sounding probes, probes that 
measure temperature and density and things of this sort, out into the 
region where this vehicle will be flying in a matter of 5 to 20 minutes, 

After the vehicle has flown through this region, we fire these rockets 
from the 104, to get a check reading on the data, so we can interpret 
accurately the measurements we get. 

These are fairly expensive rockets—the operation of this program. 
It adds $600,000 for our operations at Edwards. 

In the past, we flew 104’s and B-—52’s, we didn’t get up into this 
region and we didn’t need this kind of backup support. That accounts 
for about $600,000 in the flight center program, only going from 800 
to 1 million a year. We are taking 400,000 of it approximately out 
of the level we had budgeted last year, partially because we have cut 
back on the other airplane research going on at Edwards. 

Our primary program at Edwards for the next year or two is going 
to be the X-15. This is a rather general coverage here. I will be 
glad to go into any of the other parts in detail that you have 
questions on. 

Mr. Tracur. Any questions ? 

Mr. Woxr. I wonder if you would be more specific on what kind 
of programs were cut back at Edwards. 

Mr. Ames. We cut back at Edwards, quite frankly, the work on 
the F-105. In the old days, NACA, we would have measured the 
pressures, the performance of the inlets, the drag of those vehicles 
to the nth degree. We have documented our work, aeronautical work, 
in wind tunnels, on things of this sort. 
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We feel this cutback is justified simply because the Air Force is 
not going ahead heavily with the fighter program the way it used to. 

You know, we had the F-100, the F-101, the 102, the 3, the 4, the 5, 
and the 6, and they canceled the 8. 

(Discussion off the record. ) 

Mr. Ames. We are ready at Edwards to support the Air Force 
when the B-70 flies. We think the phasing of the flight testing of the 
B-70 will be such that most of the cream will be off of the X-15. 

We think we have what will logically fall in line to get research 
information, leading to further improvements of, say, the B-70, and 
to apply to our supersonic transport program in this country from 
the B-70 by putting our X-15 experienced people on that * * * which 
isabout the time that airplane is due to fly. 

Incidentally, I believe this is classified I am getting to on the B-70 

irplane. 
Te, Tracur. I would suspect so. 

Mr. Ames. I want to point out there seems to be a natural phasing 
between the X-15 and the B-70. The B-70 is the main punch in 
advanced aeronautics in this country today. 

Mr. Wotr. This is kind of in between where we are now and the 
ultimate in a missile type weapon. Is that right? 

Mr. Ames. That is right. 

Mr. Wotr. Do we have anything in fighter aircraft between the 
X-15 and back to the 106 ? 

Mr. Ames. No, we do not. 

Mr. Wotr. No research is being done? 

Mr. Ames. We have research in our centers, in wind tunnels. Our 
flight research at Edwards has been reduced to the point where we 
are flying F-104’s. This is about the highest performance we get out 
of our fighters today. 

We will work with the Air Force on the B-70 when it is flying. 
In about 1 year we will take on a B-58 program, to try to explore 
what we can learn from the B-58, which will apply to supersonic 
transports. 

This seems to be a little premature to get into that at this stage. 

Mr. Tracur. Aren’t they going to do some satellite launching from 
B-58’s ? 

Mr. Ames. We have no plans ourselves to do this. Our people have 
studied this, and it could be done. 


Mr. Tracur. Do you people get into the nuclear end of the B-58? 
Isn’t the B-58 the plane they are working on as far as the nuclear- 
powered planes are concerned? Isn’t some work going on there with 
anuclear-powered engine / 

o Anus. Not to my knowledge. They may have used it as a test 


Dr. Strversrern. Not as an airplane. 

Mr. Ames. I don’t think it is big enough and suitable for the power- 
plant for the nuclear power plant. 
_ Mr. Teacur. Then it might be Convair is doing it, and I associated 
it with a B-58, 
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Dr. Siiversrern. Convair has had a study contract in this apes, 
They have done quite a bit of work in shielding, and have used thei 
bomber, B-36, to do the work. I am not familiar with the Bg 
project. 

Mr. Ames. I want to make another comment as to the extension of 
the program. We cut back on flying the F—107; we thought we got aj] 
out of that we should. We asked the Navy for an F-4H and they wij] 
make one available to us. Then we will exploit that in flight research, 
Not the kind of tests the Navy and the contractor does, but in extep. 
sion of our flight research experience to find how high a mach number 
that airplane is capable of going to. 

We have one scheduled within a year to be a production airplane, 
We are continuing our work there but at a lower level. It will be con. 
centrated on the B-58, the B-70, and the F-4H when they ar 
available. 

We are calling our shots in this area, so to speak. 

Does this answer your question ¢ 

Mr. Worr. I think so. I was wondering also on this point, is 
there anything in research being done that will make the X-15 a 
tactical aircraft that can take off from the ground like any others, 
or doés it always have to be launched from underneath something? 

Mr. Ames. I don’t think it will be really suitable for that purpose, 

Mr. Wo tr. Of course, we don’t expect to use it as a tactical aircraft, 

Mr. Amrs. No. We did a lot of research on the X-3, if you re- 
member that airplane, called the Flying Stiletto, I believe. 

If you look at the wings, and inlets of the F-104, you will find it 
shows a resemblance. 

Now, the research we do on the 104, on the X—3, I should say, par- 
don me, not the 103—was directly applicable. Then Lockheed came 
along for the 104 requirement, to the 104. And they took—they made 
a useful military airplane out of that information. 

I would say if we want an airplane to fly at a speed range of the 
X-15, you could do better writing a worthwhile military requirement, 
useful military requirement, taking the research information, and 
bringing the design up to date. 

You see, the X-15 was compromised for military requirements, 
just to be rugged enough to stand the high temperatures and the 
high forces. 

Military airplanes come out with lower load factors than the load 
factor we have in the research airplane, because we don’t know what 
will happen when a man exceeds his temperature, and things of this 
sort. 

We will define many of the areas where these problems are severe, 
by the X-15, and if they are not going to be severe, we can learn how 
to handle them by other means. You wouldn’t want to penalize the 
tactical airplane with the weight and structural complexity of the 
X-15. 

Mr. Karru. Mr. Chairman. 

Mr. Joe. 

Mr. Kartu. How much money are you spending in technology on 
the B-70? 

Mr. Ames. I would have to make a guess, maybe go back to cheek. 

Mr. Karru. Just a rough guess. 
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Mr. Ames. Most of our work on the B-70 was in the time period 
from 1955 throu h mid-1959. During that time period I would esti- 
mate NACA and some NASA work came in on it, it amounted to $5 
million inhouse research, 

Mr. Kartu. This program is kind of phasing out ? 

Mr. Ames. It is a program phasing out. We have gone beyond in 
our research. We have gone beyond the B-70. If you could visit 
Langley sometime we could show you a half a dozen configurations 
that would be much more efficient for this speed and altitude range we 
are talking about. But it would take you 8 years to engineer a design 
for this purpose. 

What this really means is when we come along to design a super- 
sonic transport, the new research information that we have, lea ing 
to two configurations, and the better engines that we would have by 
that time, based on our B—70 experience and our B-70 flight experi- 
ence, would permit us to design supersonic transports which would 
be competitive with any other country’s progress in that area. 

We have gone beyond the stage of development of the B-70 in 
research. 

I want to be careful here to caution you, this does not mean that the 
B-70 is obsolete, because if you take the research information, it takes 
you 5 to 8 years to even develop a new aircraft. 

Mr. Karru. Mr. Chairman, one question I have is on page 114 
there, the O7 and other contractual services. This is kind of a nebulous 
bit of language to me. I would like to have some explanation on that. 

What are these other contractual services? What do they include? 

I see, of course, the big increase in that fiscal 1961 figure over fiscal 
1960 figure is in the Huntsville area again. 

Mr. Ames. Let’s turn to page, I believe, 116 will answer that 
question. 

Mr. Karrn. Repairs and alterations. 

Dr. Stiverstern. There are other structural services. It is made up 
of anumber of items. 

Mr. Ames. I have a list of repairs and alterations, a list of items 
under miscellaneous services, and items under services to other gov- 
ernmental agencies. It begins on 116, which covers the first item, 
major repairs and alterations. 

We can turn a few more pages and I will find the other page number 
for you—we have to go through all the repairs and alterations. Then 
you get to page 125. You get to miscellaneous services. That is 
sketchily defined by the items, analysis of the items by category at the 
lower part of the page. In other words, I can go through each of 
these general areas and give you a clearer picture of what they are, if 
you would like. 

Mr. Karrn. Briefly, I think you should do this, or in a brief, if 
you don’t do it now. 

Mr. Ames. Either way, whatever is your pleasure. 

You get to an item on recurring equipment, way over on page 138. 
For example, if you turn over to—there is not too much of it here. 

(Discussion off the record.) 

Mr. Kartu. T am satisfied. 

Mr. Have you and Dr. Ames settled your point ? 
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Mr. Karrnu. I see how he has broken it down on page 116 and there. 
after. I will take a look at those at my leisure. 

Dr. Strverstern. These items are broken down in considerable de. 
tail, I think, through this whole section. 

Mr. Tracur. Mr. Bass, do you have any questions ? 

Mr. Bass. I am looking at these green pages here, the second page 
page 102, item 5. 

Would you explain that, either Mr. Ames or Dr. Silverstein? Yoy 
have a total program of $410 million for 1961, on page 101, by actiyi- 
ties. And then you come out a couple hundred million dollars ahead 
here, largely as a result of this item 5. 

Dr. Surverstern. These green sheets are not really an outline of ti, 
program on an authorization basis, but are included in this book at the 
request of the Bureau of the Budget from an expenditure basis aety- 
ally, and discuss funding to be expected during the year, rather than 
commitments or obligations. 

It is not an obligational picture here, but rather an actual fund ex- 
penditure so that what we have here are estimates of the actual funds, 
dollars to be expended during the gene, and these are brought into 
alinement on the top of page 102, the item you mentioned, with this 
$213 million item, which will be funds expended in later years for 
which we are obligated during 1961. 

Mr. Bass. I see. 

Then am I correct, Doctor, in assuming that your expenditures, esti- 
mated expenditures for 1961 will be $410 million ? 

Dr. Stiverstern. It will be $410 million of elements of the budget in 
1961, plus accrual from previous years’ obligations. 

Mr. Bass. Where is that item ? 

Dr. Strverstern. The funding picture, I think, is given—you see in 
1959, 1960 and 1961 here, so there is an accrual at the bottom of the 
page. Let’s see. These are the actual accrual totals throughout the 
years you see. Actual funding amounts through the years 1959, 1960 
and 1961. 

In other words, these papers in green are a funding picture through- 
out, rather than an obligation picture. They are quite confusing be- 
cause they have really no reference to the obligational picture. 

We offer you true expenses in 1960 for obligations that you have 
made in 1959 and may accrue in 1961. 

Mr. Worr. Off the record. 

( Discussion off the record. ) 

Mr. Tracur. Back on the record. 

Anything else, Perk ? 

Mr. Bass. I will pass for the moment. 

Mr. Tracur. Off the record. 

(Discussion off the record. ) 

Mr. Tracur. Back on the record. 

Suppose we discuss the Mercury projects for a little while. That 
is our biggest item. 

Mr. Bass. I had just one other general question here, Mr. Chairman. 

Mr. Tracur. Go ahead. 

Mr. Bass. Dr. Silverstein, looking on page 110 and page 110-A, I 
gather that those subparagraphs “A” through “G” really summarize in 
general terms the reasons for the increases for these appropriations of 
1961 over 1960. 
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If you had to put it ina few words there, it is right there. 

Dr. SutverstTEIN. This is the briefest statement that could be made, 
it may be a little too brief to be illuminating, but that is its purpose. 

Mr. Bass. Thank you. That is all. 

Mr. Ames. In fact, the primary purposes, sir, of my remarks are to 
try to develop these items a little bit. 

Mr. Bass. I see that. 

Dr. Strverstern. ‘The man in space program discussion begins on 
page 164 of the book. ; 

Mr. Teacur. Doctor, before we go into details of it, what is the 
status of it? Is it generally on time? I would guess from looking 
at vour charts a while ago that maybe the objectives are a little 
farther ahead than we thought before. 

Dr. Surverstern. I think, generally speaking, there has been no 
substitution of dates for Argus flights. There have been shifts in the 
program. We have lost a bit of time in different places. sane 

My general feeling is for a program of this size and complexity, it 
has gone quite well. We are going to find out, I think as we go along, 
we are going to run into certain problems. We don’t know what they 
are. We are trying in effect again to anticipate them. 

We are carrying on a continuing research program in the area to 
enable us to define the problems we might run into, so we will be 
prepared to handle them when they come. 

All in all, I would say the program is in very good shape. 

Mr. Teacur. Well, I’m sure that you people have given more 
thought than we have to what will be the result if you try to put a 
man up and you don’t get him back. 

I saw a poll taken by a Member of Congress in California recently 
where he asked the question of his people, whether or not there should 
be a crash program, whether we should take a chance on a man’s 
life to get haat of Russia. 

The answer was “No.” I thought that was significant. 

Mr. Bass. Doctor, if all goes reasonably well, when is the earliest 
date that you can expect to orbit a man on this program ? 

Dr. Stnverste1n. We would attempt an orbit sometime in early 
calendar 1961. But this requires that everything goes very well. 

Mr. Teacur. This is an orbital flight? 

Dr. Strverstern. This is an orbital flight. That has been our goal 
a from the beginning. Whether we achieve it or not, I don’t 
now. 

I think that we are going to keep in mind the hazards of doing 
this job properly. We are going to do the carefulest job as we know 
how, to do it right. 

_ As you know, all flights, new airplanes, new objects of any type, 
involve hazards. 

: = moan. But that is the earliest date we can reasonably expect this 
0 happen / 

Dr. ha This is for Argus flight. We would hope to have 
some of our ballistic flights of the Redstone manned before then. 

Mr. Bass. Suborbital / 

Dr. Sirversrern. Suborbital. 
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Mr. Tzacus. From the psychological standpoint and from the stand. 
point of a man being in space, your suborbital flights will be a man jp 
space 

“De. Sitverstern. Definitely, except they won't be orbital. 
a ee When do you schedule your first suborbital manned space 
ight ¢ 

Dr. Suiversrern. That will be in the second half of 1960. 

Mr. Wo tr. This year? 

Dr. Stiversrern. Do you mean Redstone? 

Mr. Bass. Redstone. 

Mr. Woxr. What seems to be the biggest nuts and bolts problem that 
is holding it back, or is there any one thing that you can put your fin. 

er on? 
7 Dr. Stiverstern. Let me say we have no basic major problems. We 
do have many, many problems associated with getting this hardware 
together quickly and putting it together, and it is a normal kind of 
engineering problem you have where you try to do a very complex job 
at the rate you are trying to move the program. 

The program setup is two or three times faster than the normal rate 
for a comparable piece of equipment of similar capacity. 

Mr. Tracue. In money, it 1s not a major problem. You have the 
money. It is just the case of getting all your engineering and what- 
not together ? 

Dr. Stiverstern. Well, we have in our supplemental this year, you 
will recall we have asked for some $12 million additional funds in the 
Mercury program, to make it possible to meet the schedule. 

We will not be able to meet the schedule. We will slip without these 
funds. 

The funding we have shown here is aimed again to provide for meet- 
ing these dates. There appears to be every possibility that we can do 
it, but it is a great complex operation, wonderfully complex. The 
ground system for it in itself is a tremendous complex program. 

a TEAGUE. More complex than you thought ia you first started 
after it? 

Dr. Stiverstern. I would say that these things always become more 
complex as you get into them. That is the history of every develop- 
ment I have been associated with. 

Mr. Tracur. I am one who wants that first flight to be a successful 
flight, and I don’t care how long we wait to do it. 

Mr. Bass. Even if we delay it fora long time. 

Mr. Tracur. Even if we delay it for a long time. 

I think an unsuccessful flight would have a tremendous impact on 
our whole program—I mean on the side that is not good. 

Mr. Dontan. This date Dr. Silverstein mentioned is tied in with 
that program he described, but it assumes that each of those flights 
leading up to this will be successful, and if the results indicate a need 
for further developmental flights, this we will do, of course. 

Dr. Sttverstern. I don’t think most people in their minds can 
really grasp the problem of the extension of scope of this program, 
which carries our whole technology and science over mountains of 
time in fact, because we are talking about flying here at speeds some 
three to four times higher than anyone has ever gone before. 
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Historically, and for many years, and I watched it personally, we 
would try to get another 20 miles an hour out of an airplane flight 
or something, and then we began to take bigger steps with things 
like X-1, where we moved through the sound, and then up there 
the X-series of airplanes, the X-15, where we attempted to get 5,000 
miles an hour. ; 

But here we are talking about 18,000 miles an hour, and all the 

roblems associated with it. It is a tremendous increase, and we are 
Going it very rapidlynow. 

We think we know the science. We built the background up for 
science by many years of work of a type that Mr. Ames was describing. 

Currently we are building that same background up for taking the 
step in the future, as the flights go farther into space. 

We are going to do the very best we can to make it successful. 

Mr. Dontan. I wonder if I could comment on one of your earlier 
remarks, Mr. Chairman, about what relationship the airplanes, aero- 
dynamics in general have to this space business. 

Mercury is a good example of this. We have run into more aero- 
dynamic problems in getting a vehicle into orbit and back than we 
have ever run into before, because we cover the complete gantlet of 
the speed range, not only in one direction, but in the reverse direction, 
too, because the capsule goes out one way and comes back another, 
with or without a booster connected to it. 

This has raised a whole gantlet of aerodynamic problems that the 
centers have had to turn their research tools over to help us solve. 

So in the end, once you, get back into the atmosphere, you have an 
aerodynamics problem in every sense the same as we had with aircraft. 

Mr. Ames. Ten years ago, a man had only flown 850 miles an hour. 
Now, we are talking about 18,000. It isn’t just a matter of pushing a 
button and getting there, as you know. 

Mr. Teacur. No, I know. And it is so hard for at least this layman 
to conceive of all that has been accomplished. I have reached a point 
that any time I hear somebody say something can’t be done, I look at 
him about four times. 

Ihave gotten to the point where nothing surprises me any more. I 
think you scientific people will eventually do it. 

Suppose we adjourn until 10 o’clock in the morning and in the 
meantime I hope to do some homework on this tonight. 

(Whereupon, at 3:43 p.m., the subcommittee adjourned, to reconvene 
at 10 a.m., Friday, February 19,1960.) 
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FRIDAY, FEBRUARY 19, 1960 


House or 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
No, 2, 


Washington, D.C. 


The subcommittee met, pursuant to adjournment, at 10:15 a.m., 
Hon. Olin E. Teague (chairman of the subcommittee) presiding. 

Mr. Teacur. Doctor, I got on with my homework last night and I 
don’t particularly have anything more. ; 

If you people will prepare the things we have asked you for, that is. 

Dr. Sirverstern. We have already started a mechanism to get them 


to you. 

Mr. Tracue. I had started to call you this morning. I would 
rather give you your time to work on that than to stay here. 

Dr. SILVERSTEIN. Fine. We, as I say, had a meeting last night and 
this morning to start the system rolling to produce the material you 
asked for. 

Mr. Teacur. If you will just try to remember, here we are going to 
be talking to people who know little about this, and we require in- 
formation that to you is just nothing. We need to spell this out from 
A,B,C. 

‘Mr. Worr. You can anticipate the questions and obviously yeu 
know, because of the great controversy there is now, that there are 
going to be lots of questions about where the money is going and why. 

f you could somehow anticipate these questions that are going to 
come—- 

Mr. Teaver. Yes; and you made a very good point yesterday of the 
fact that this missile is another step in the road we are taking, that 
yes, We are going to get rid of this vehicle, but this other one is the 
one that is going to improve it and take its place. That is the kind of 
thing that means a whole lot over there on the floor. 

Dr. Suversrern. Would it. be helpful to have a document that 
might be arranged with a question and answer treatment ? 

r.Tracur. Yes, it would. 

Tasked Mr. Yeager last night, Doctor, to check back through the 
record. I asked him to check with the Appropriations Committee 
to see if there were any points we haven’t covered that they raised 
questions about. 

Mr. Yeager. I have done that as much as I could in the time avail- 
able, and there didn’t seem to be any particular area with the possible 
exception of salaries and job allocations, locations for supergrades 
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and that type of thing; which, of course, was not in our part of the 
budget. 

Mr. Teacue. While I think about it, will each one of you give us q 
biography so we can put it in the record ? 

1 am sure you all have a prepared biography, so we can talk about 
what your background is. 

(The information requested is as follows :) 


ABE SILVERSTEIN, DIRECTOR OF SPACE FLIGHT PROGRAMS 


Abe Silverstein is Director of Space Flight Programs at NASA headquarters 
in Washington, D.C. Before the NASA was established on October 1, 1958, 
he was Associate Director of the Lewis Flight Propulsion Laboratory, Cleveland, 
Ohio, a research center of the National Advisory Committee for Aeronautics, 
which formed the nucleus of the NASA. 

Silverstein directs those NASA programs charged with mission planning, 
payload design and development, and inflight research and operation. Develop- 
ment programs under his direction include space probes and manned and 
unmanned satellite systems. 

Silverstein is a native of Terre Haute, Ind., where he attended local grammar 
and high schools. He earned a bachelor of science in mechanical engineering 
degree in 1929, and a mechanical engineering professional degree in 1934 from 
Rose Polytechnic Institute. He was awarded an honorary doctorate by Case 
Institute of Technology in 1958. 

Silverstein joined the National Advisory Committee for Aeronautics in 1929, 
and soon after helped design the full-scale wind tunnel at the Langley Aero. 
nautical Laboratory. He later was placed in charge of this facility, and directed 
research which increased the high-speed performance of most of the combat 
aircraft of World War II. This work was recognized as a major factor jn 
gaining U.S. air superiority during the war. 

In 1943, he was transfered to the Lewis Laboratory at Cleveland to select 
and train a staff which he directed in research at the altitude wind tunnel, 
These investigations led to significant improvements in both reciprocating and 
early turbojet aircraft engines. He also pioneered with large-scale ramjet 
engines, now used on certain missiles. 

At the end of World War II, Silverstein was directing the work at several 
major research facilities at Lewis. He directed the erection of the $9 million 
NACA 8- by 6-foot supersonic wind tunnel, first operated in 1949, and the $33 
million NACA 10- by 10-foot supersonic wind tunnel, completed in 1956. These 
facilities, the largest wind tunnels of their kind in the world, have greatly 
accelerated the development of supersonic aircraft. In 1952, he was appointed 
Associate Director of the Lewis Laboratory, a post he held until he was named 
to the headquarters staff of the NASA. 

Silverstein was a member of several NACA committees and subcommittees 
including Committee on Aerodynamics, 1946-47 ; Subcommittee on Self-Propelled 
Guided Missiles, 1945-47: Subcommittee on Internal Flow, 1947; Subcommittee 
on High-Speed Aerodynamics, 1945-57; Committee on Powerplants for Aircraft, 
1951-57; and the Special Committee on Spact Technology, 1958. 

He served as chairman of the Cleveland section of the Institute of Aero 
nautical Sciences, 1946-47. He was a member of the Committee on Arrange- 
ments for the Joint Meeting of the Institute of the Aeronautical Sciences and the 
Royal Aeronautical Society, held in New York City in 1949. The Assistant 
Secretary of Defense for Research and Development appointed him a member 
of the Technical Advisory Panel on Aeronautics for the year 1955, and Chairman 
of the Ad Hoe Working Group on Rockets for 1956. He was a member of the 
Scientific Advisory Board of the Chief of Staff, U.S. Air Force for 1956 and 
1957, and Chairman of the OASD Technical Advisory Panel on Aeronautics, 
Ad Hoc Group on Propulsion for Aircraft and Missiles. He was a member 
of the Assistant Secretary of Defense’s steering group of the Advisory Panel 
on Aeronautics for 1958. 

Silverstein was American representative to the joint meeting of the Institute of 
the Aeronautical Sciences and the Royal Aeronautical Society, in London, in 
1947. He delivered the annual Wright Brothers lecture before the IAS in 1949. 
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He is a member of Tau Beta Pi, and a fellow of the Institute of the Aero- 
nautical Sciences. 

Silverstein, his wife Marion, and their three children live at 7205 Rollingwood 
Drive, Chevy Chase, Md. 


Mitton B. AmEs, Jr., Deputy Director, ADVANCED RESEARCH PROGRAMS 


Milton B. Ames, Jr., was appointed Deputy Director of Advanced Research 
Programs at NASA headquarters January 10, 1960. Previously he was Assistant 
Director of Research for Aerodynamics and Flight Mechanics. 

Ames is a native of Norfolk, Va. He earned a bachelor of science degree in 
aeronautical engineering from Georgia Institute of Technology in 1936. 

He joined the staff of the NACA in 1936 as an aeronautical research engineer 
at the Langley Aeronautical Laboratory. From 1941 to 1943 he was engineer- 
ing assistant to the NACA Director at headquarters. For the next 3 years he 
was engineering assistant to the Chief of Military Research in Washington. 
In 1946 he was appointed Chief of the Aerodynamics Division and later became 
Chief of the Aerodynamics and Flight Mechanics Research Division when the 
NASA was established on October 1, 1958. He was promoted to Assistant Di- 
rector of Research for Aerodynamics and Flight Mechanics May 12, 1959. Dur- 
ing his career, he has specialized in research on aircraft wing flaps and de- 
sign of airplane controls. 

Ames is a fellow of the Institute of the Aeronautical Sciences, and is author 
of numerous technical publications. 

Mr. and Mrs. Ames and their three children live in Fairfax County, Va. 


HJorNEVIK Gets NEw NASA Post 


Wesley L. Hjornevik, 33, has been named Deputy Director of Business Adminis- 
tration for the National Aeronautics and Space Administration. 

A veteran of more than 10 years of Government service, Hjornevik has served 
as assistant to NASA Administrator T. Keith Glennan since the agency was 
formed on October 1, 1958. 

Before that, he was assistant to the Under Secretary of the Department of 
Health, Education, and Welfare for a year and a half. That post followed an 
8-year stint with U.S. Bureau of the Budget. 

He is a graduate of North Dakota State College (class of 1949) where he 
majored in economics and was elected to Phi Kappa Phi, national honorary 
scholastic fraternity. Born in Minneapolis, he grew up in Fargo, N. Dak., where 
his parents, Mr. and Mrs. Simon K. Hjornevik still live. 

During World War II he served as an infantry sergeant with the Army in 
Europe. His service decorations include a Bronze Star and a Purple Heart. 

He and Mrs. Hjornevik have five children and live at 5930 Braddock Road, 
Alexandria, Va. 


Morron J. STOLLER, CHIEF, SATELLITE AND SOUNDING RocKETS PROGRAMS 


Morton J. Stoller was appointed Chief of the Satellite and Sounding Rockets 
Program, in the Office of the Director for Space Flight Program at NASA head- 
quarters. He is recognized as an authority on all phases of instrument research 
and development work. 

Stoller is a native of New York. He earned a bachelor of science degree in 
electrical engineering from the College of the City of New York in 1938. He 
was awarded a master’s degree in electrical engineering from the University of 
Virginia in 1952. 

Stoller joined the National Advisory Committee for Aeronautics, the predeces- 
sor of the NASA, in 1939, as an eletrical engineer at the Langley Aeronautical 
Laboratory. In 1947 he was named Assistant Chief of the Instrument Research 
Division at Langley. 

His research work has chiefly been concerned with instrumentation used to 
obtain data from pilotless aircraft. He has also performed research in telemeter- 
ing and computing. 

Stoller is a member of the American Institute of Electrical Engineers. 
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CuHartes J. DONLAN, ASSISTANT DIRECTOR, PRoJEcT Mercury NASA Space 
Task GROUP 


Charles J. Donlan is Assistant Director of Project Mercury, the name selecteg 
for the National Aeronautics and Space Administration’s program for putting 
a manned space capsule into a controlled orbit around the Earth, to successfully 
recover the satellite, and to investigate man’s capacity for withstanding the 
environment of space. Project Mercury is being carried out by the NASA space 
task group, a team of highly skilled scientists with headquarters at the NASA 
Langley Research Center. 

Donlan was assigned to the space task group in November 1958 and was ap- 
pointed Assistant Director of Project Mercury in February 1959. Prior to his 
appointment to the space task group, Donlan was Technical Assistant to the 
Associate Director of the Langley Research Center—where he helped initiate, 
guide, and direct research in various fields, especially in the areas of aerody- 
namics, stability and control, and hydrodynamics. : 

Born July 15, 1916, in Lawrence, Mass., Donlan attended secondary schools in 
North Andover, Mass. He received a B.S. degree in aeronautical engineering 
from Massachusetts Institute of Technology in 1938 and has taken graduate 
courses under the auspices of the University of Virginia. 

Shortly after his graduation from MIT, Donlan began his career in aeronauti- 
eal research at Langley with the National Advisory Committee for Aeronauties 
(NACA), which on October 1, 1958, became the nucleus of the NASA. His 
first assignment at Langley was in the spin tunnel section of the stability re- 
search division, where he helped develop a spin design criterion for monoplanes, 
Later work in the stability analysis group resulted in his preparing one of the 
earlier technical papers dealing with application of wind-tunnel results to dy- 
namie flight conditions. He became assistant head of the stability tunnel in 
1941, working on numerous stability and control projects. 

In 1948, Donlan was on loan to the full scale tunnel group to assist in carry- 
ing out a stability and control program for an Air Corps airplane undergoing 
development tests in that facility. The next year, he was selected as project 
engineer with responsibility for the design and construction of the high-speed 
7 by 10 foot wind tunnel. From 1945 to 1951 he was enguged in research and 
development programs in general aerodynamics and stability and control in the 
two 7 by 10 foot wind tunnel facilities—serving as head of the high-speed 7 by 
10 foot tunnel section and as assistant head of the 7 by 10 foot tunnels branch. 
In 1951 he was transferred for special assignment to the office of the Langley 
Chief of Research and 4 years later became Technical Assistant to the Langley 
Associate Director. 

Donlan has authored or coauthored more than two dozen technical reports. 
He has delivered numerous talks and lectures and has represented the former 
NACA at various technical meetings, both in the United States and abroad. In 
1955, he was delegate to a supersonic aircraft design conference held in Bedford, 
England. As chairman of a Department of Defense special technical committee, 
he visited aircraft establishments in England and France. He _ represented 
Langley on the NACA aerodynamic stability and control subcommittee and on 
the interlaboratory research airplanes panel. 

Donlan is a member of Tau Beta Pi and is an associate fellow of the Institute 
of the Aeronautical Sciences. He is a member of the Engineers’ Club of the 
Virginia Peninsula. 

Donlan is married to the former Marguerite Phelan of North Andover, Mass, 
and has two sons. 


Mr. Yeracer. There are a couple of things, Mr. Teague, I think 
might be useful to get in the record. In the authorization bill, section 
D is something that seems to be new. This involves research and de- 
velopment, where it says that appropriations up to $20,000 can be used 
for emergencies—on page three, section D, I think perhaps Dr. Silver- 
stein or somebody could explain this section, why they think it is 
needed. 

Do you have a copy? 

Dr. Stiversrern. don’t have a copy. 

Mr. Teacue. I think that should be written down too, in very care- 
ful layman’s language. 
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Mr. Yeacer. This is something new that was not in last year’s au- 
thorization bill. We should have that in the record one way or 
another. 

Mr. Tracur. Yes; I feel that is a good idea too. 

Mr. Worr. Has there ever been a really good paper prepared on 
why it is important to go into outer space? I mean either in Congress 
or somewhere else 4 

Mr. Donan. I think the Killian committee wrote a document on it. 

Mr. Wotr. I am not interested in the Bible. I am interested in 
something that. would take about 10 minutes. 

Mr. Yeacer. That is right. The President’s committee did, I think 
about the time Congress was considering setting up NASA in 1958—— 
Mr. Worr. Has this ever been put in the Congressional Record ? 

Mr. Dontan. I am sure it has. Just last week I was reading some 
of the hearings in one of these commodities; it was attached as an 
appendix tooneofthose, 

Mr. Wotr. What Lam thinking of is background information ahead 
of this appropriation. I am amazed, as I have traveled around this 
country, at the number of people who still think it is all foolishness; 
our penetration into space. 

What I am looking for is something—I will put it in my own words, 
if I can get some background material on which to build this type of 
speech, but I would prefer if I could quote from men who have made 
a lifetime, or a great portion of it their work, and the vision they see, 
somehow to tie this down. It does become important if we spent 
half a billion dollars last year and more this year. 

Mr. YraGer. The witnesses indicated to me yesterday that if they 
had a cut this year like last year that it was really going to hurt them. 
I think it might be helpful if you could provide us with some idea 
of just what you think would happen if you get cut this year like 
you did last year. 

* Mr. Worr. What this could do to hold the program back ? 

Mr. Yeacer. Yes. 

Mr. Wotr. In relation to our program. 

Mr. Yracer. If you can indicate what is going to happen, how 
much it is going to slow it down and how and why and where. 

(Information requested is on file with the committee. ) 

Mr. Tracur. Be sure that you get an explanation of this “D” in 
here. Lam sure that will come up. 

Dr. Stversretn. Yes. 

Mr. Ames. That is the $20,000. 

Mr. Doxntan. Which item is that 

Mr. Ames. Line 18, page “D.” 

(The information requested is as follows :) 


STATEMENT ON EMERGENCY EXPENSES 


Subsection (d) of H.R. 10246 provides a small contingency fund for the National 
Aeronauties and Space Administration. It states that “appropriations other than 
‘Construction and equipment’ may be used, but not to exceed $20,000, for scientific 
consultations and any emergency or extraordinary expense upon the approval or 
authority of the Administrator and his determination shall be final and conclusive 
upon the accounting officers of the Government.” 

Under this provision NASA would be able to meet occasional needs for any type 
of minor small expenditure not otherwise covered by authoriaztion or appropria- 
tion statutes. 
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For example, consultation expenses and other expenses in connection with 
visiting scientists and governmental administrators of other governments or rep- 
resentatives of private scientific organiaztions. 

Also, overseas representation allowances in connection with space activities jp 
foreign countries. 

Also, any other purpose which the Administrator found to be necessary or 
desirable. 

The language of subsection (f) is substantially similar to provisions of Jay 
previously enacted for the benefit of the military departments and the Atomic 
Energy Commission. The terms “emergency” and “extraordinary” expense ang 
the phrases “approval or authority of the Administrator” and “shall be final anq 
conclusive upon the accounting officers of the Government” are all found jp 
Department of Defense appropriation acts, creating similar funds for the Military 
departments. 

It should be pointed out that such unusual and unforeseen expenditures as are 
authorized by subsection (f) can be undertaken only with the approval or author. 
ity of the head of the agency. 

Mr. Tracur. I have gone through the thing and I have no questions 
other than what was asked yesterday. We would much rather give 
you the time to work on the things they are going to prepare for us, 

Mr. Karrn. That is fine with me, Mr. Chairman. 

Mr. Tracue. This stuff will be printed, and what you are preparing 
will be put in there. It will be distributed then to all the other mem- 
bers of the committee. So keep that in mind as you prepare it. 

Do you all have any questions of us? 

Dr. Surversrern. I think not. I think I see quite clearly the type 
of material that is needed to defend us, and we are at work now to 
prepare it for you. 

The other questions I mentioned to the staff executive here that we 
could get in touch with him and find out how some of the material 
might be prepared better, or get in touch with you folks. 

Mr. Teacur. As you say, Doctor, you are in the technical end of 
this thing and we are in the political end. But if you read the Presi- 
dent’s budget this year, I think the second or third paragraph made 
quite a point emphasizing the cut on this program last. year. 

Mr. Kartu. I think the Doctor understands, Mr. Chairman, we have 
gone over these systems time and time again in our regular committee 
meetings. This is probably one of the reasons we don’t have so many 
questions to ask, Doctor. It is a matter of putting it down in writing 
as to the manner in which you would think it would be best present- 
able to a bunch of people in the House who really don’t know much 
about the missile program. This is what we would like you to do. 

Dr. Strverstern. We will do the best we can to cooperate. 

Mr. Worr. May I ask a question, Doctor? It probably doesn’t 
relate too much to this question, but as you say, you are a technician. 

What procedure do you follow to gather together technical data 
that would be helpful to you? This I know is a long question. I 
don’t expect you to have to take that much time—from the various 
agencies in the country that do work relating to your work ? 

Dr. Strverstern. This is a long question but I will see if I can sum- 
marize it. 

We have pulled together in our headquarters organization and in 
our centers the technical people who are up to date on the techniques 
that are involved in this whole area of space and aeronautical 
research. 
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We have qualified people. These people are scientists in their own 
right, technical people in their own right, who are not only helping 
to create this field themselves, but are aware of the work that is going 
on because they are up tothe minute people in the field. hit 

To advise them, we have set up as a part of the NASA organization 
a series of committees—subcommittees, or committees actually—some 
130f them, aren’t there / 

Mr. Ames. Fourteen. f 

Dr. SirversteIN. Fourteen. They consist of the experts in various 
fields that are related to our work in the country. They advise us. 

We have access to all the universities through the university pro- 

am We are carrying on in this field, the contracts with many of the 
universities where the people such as Van Allen are working right 
with us. Van Allen is under contract with us to provide instrumenta- 
tion for some of our satellites—not only Van Allen, but practically 
all of the top scientific people in these various areas that we are work- 
ing in. 4 

They are a part of our team. We have set up special committees, 
such as 2 committee on lunar and interplanetary efforts, who are again 
inan advisory capacity for this particular program. 

So that we are actully bringing together, with our technical and 
scientific teams, the top technical and scientific people in all the rest 
of the country in these various areas. 

Mr. Wotr. Supposing I am kind of a theoretical scientist out here 
ina small college in Iowa, if you please, and I think I have got some- 
thing real good. How would I approach you? How would I get in 
touch with your organization / 

Dr. Strverstern. This is a common, every-day occurrence in our 
field. You would send a proposal of some sort—it might be a letter 
proposal, it might be a more formal proposal—to NASA, Washing- 
ton, D.C., stating your idea in outline and requesting information on 
how to proceed with it or how to take action on it. 

We would, on receipt of this, turn it over to the scientific or techni- 
cal group in our headquarters staff who have cognizance of this area. 
They would thoroughly review the proposal to find out if it really had 
technical merit, whether similar work was already in progress some- 
where else, and if so, whether it needed to be expanded to include this 
program—in other words, they would give it a thorough review. 

If it were found to be meritorious, and useful in the program, we 
would probably ask the man who forwarded the idea to give us a 
definite proposal that can be evaluated, one including costs, time of 
completion, reporting practices, and so forth. 

Mr. Wotr. This is where my question follows then: Do you have 


the ability to “fund” this program to a degree if you feel it has 


— Qa aed organization, or do you have to come back to Congress 
to do this? 

Dr, Strverstery. We have funds provided in this budget under so- 
called contract funds to carry on general work in this field. 

Now, if it is a specific project aimed say toward an instrument to 
be installed in a scientific satellite, or in a lunar probe or meteoro- 
logical satellite, we would charge the costs of this proposal against 
that program because it would be applied to that program. 
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So we find these costs are defrayed both from the general area of 
advanced scientific studies, which is under “Support of plant? jy 
our budget, or it could be funded from the particular program ¢p. 
ments that are related to the proposal submitted. 

Mr. Srotier. Part of that funding is on your page 144. 

Mr. Ames. Yes; and I wonder if I could address a remark to you 
on that, sir 

Mr. Wotr. Certainly. 

Mr. Ames. If you look on 109, the second item from the top, 

Mr. Worr. 109? 

Mr. Ames. On 109, you see “Research grants and contracts” on page 
109. We had $3 million in that in 1959. Do you have the page? ~ 

Mr. Wo tr. Yes. 

Mr. Ames. $4.9 million in 1960. We are asking for $10 million 
this year. 

Over on page 144 we break down the areas which we have attempted 
to cover in this work. Perhaps the question may certainly arise jp 
your mind why do we want to increase it this much in this year? We 
found that by October of last year we had so many good proposals 
that seemed worthy of contract or grant we ran out of money. 

All the proposals we have received since then we have either had to 
turn down or suggested they resubmit them to us next July. 

Mr. Worr. Which is an unfortunate thing, which is the sort of 
thing we can’t afford right now. 

Mr. Ames. This is right. 

Dr. Sriverstern. May I show you this document ? 

Mr. Wotr. Yes. You can see now why I am asking this question, 
because it seems to me the big problem we have had right along is the 
raw research. 

Mr. Ames. This is right. These are in basic areas which we are not 
handling ourselves. It complements the work. 

Dr. Strverstern. We might as well go off the record here. 

Mr. Wotr. All right. 

( Discussion off the record. ) 

Mr. Yeacer. What percentage of basic research, I know this isa 
hard thing to define, but in general what percentage of its basic re 
search does NASA do inhouse ? 

Mr. Ames. Well, in this area of research of the four research cen- 
ters, about 30 percent of our work there we classify as basic, and that 
would approximate say $28 million considering salaries, expenses, and 
support program. 

I might be a little bit off, but it is from $28 million to $30 million, 
somewhere in that area. 

Our outside research you can see in 1960, $4,950 million. The 
figure I gave you on the 30 percent is the same figure we gave the 
Bureau of the Budget recently. The remaining 70 percent of our in- 
house research is applied research, specific research assistance, in Dr. 
Silverstein’s group or the military services. 

Mr. Yeager. You say 30 percent ? 

Mr. Ames. Of the work is what we classify as basic. 

Mr. Yracer. This breaks down to $28 million ? 

Mr. Ames. $28 million; ves. 


{ 
{ 
§ 
{ 


1961 NASA AUTHORIZATION 157 


Mr. Yeacer. This increase then might help to still some of the 
criticism which is being leveled because NASA has not been contract- 
ing out a sufficient amount of basic research. 

r. AMES. We have taken a very firm hand to make this contract 
work as basic as we could. Dr. Lloyd Wood heads up this project. 
He is dedicated to that task. When you look at this 30 percent I call 
basic in the center, if you apply the same general definition, Dr. Wood 
doesn’t completely agree with me. He says there may not be that 
much basic inhouse. ‘This is the figure we included in our study and 
we call this basic. 

Mr. Worr. Dr. Silverstein, the question I wanted to ask was, what 
sort of report do you require from these people? Obviously all raw 
research doesn’t prove out successful, but how do you have any proof 
that they actually did the work ¢ 

What sort of a program do you have to establish that they did some 
actual work, either mental, physical, or used up cash resources? 

Dr. Surverste1n. As a part of the grant or contract requirement, 
they must report on their activity; in a research area you are never sure 
whether work will have a positive value. But negative results are 
also useful because it keeps you from having someone else carry on the 
work and try to do it over when it may not be worthwhile doing. 

So that we do require as a part of the contract the submission of 
reports during and at the conclusion of the contract. 

Mr. Worr. That brings me to the next question. Perhaps these 
don’t relate exactly what we are doing here, but they are relative to 
the whole program. 

Dr. Strversrern. Yes. 

Mr. Wotr. Is this basic research information made available free 
tothe private contractors and organizations in this country? In other 
words, for aeronautical research of any kind that might be related 
here, do they get this without paying for it ? 

Dr. Sttverstern. Yes, sir. These documents are part of public in- 
formation and are published and made available generally to whom- 
ever may wish them. 

Mr. Wow. So this could very well be termed a subsidy to the giant 
aircraft corporations in effect, because it saves them from having to 
do the basic research themselves in their own plants? 

Dr. Strverstern. It is an historic fact that many areas of basic 
research need to be supported by the Government and have always 
been supported by the Government. 

Mr. Wotr. I am not critical of it. I just meant actually what it 
amounts to is a cash subsidy to these plants if they get the work done 
by this organization, the results made available to them without any 
cost to themselves, other than some library, and studying through to 
find the fact they are looking for. 

Dr. Sipverstern. Yes. If you tried to develop the information in 
each of the organizations that might need it, there would be a great 
repetition of costs in attempting to reach the same end point, whereas 
if the work is done in one place and published widely, then everyone 
has use of it. 

Mr. Worr. That was the line of questioning I had. I didn’t want 
todetain you any longer, as you have other things to do. Iam grateful 
for this explanation. Perhaps I could ask you one more question. 

524936011 
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I know this has been asked before, but I would like to ask it again 
just for the record. 

How about a small corporation, a small business, that wants to many. 
facture a product related to the space program? How does he get jy 
touch with either you or someone else? What is his procedure? ~ 

Dr. Sizverstern. His procedure will parallel the procedure that 
I mentioned earlier. 

He will submit perhaps by letter or in person his idea, proposal— 

Mr. Woxr. He doesn’t have an idea. He has 100 men and a plant, 

Mr. Karru. He wants to bid on one of your contracts. 

Dr. Strverstern. We have a smal] business office in our head. | 
quarters organization, which he can contact, where we list all oy | 
pending requirements. 

Mr. Wo r. He has to demonstrate he has the equipment to produce 
a certain thing. Then you try to find some product to fit his 
capabilities ? 

r. SipversTern. That, or he would be included in the list of organ. 
izations that accept bid forms for different items. Most of our work | 
is carried on competitively, either by competitive negotiation or com- 
petitave bid. He would be put on the list of those who could compete 

or the work. 

Mr. Woxr. Most of these are done in subcontracts though, aren't 
they, the small corporations get theirs on a small subcontract from the 
major, not direct ? 

Dr. Suverstern. It happens both ways. Perhaps more as a sub- 
contractor. For example, in the Mercury program, we start with the 
number of major contractors in the program, such as McDonnell, 
Western Electric, and others, these contracts then begin to branch out 
and you find by going into several layers of subcontracting that you 
end up with perhaps several thousand manufacturing organizations 
that are actually involved in the program in some way or other, 

You have your major subcontractors, then your i and the 
thing comes way down toa very broad base. 

We have looked at this development in the area. 

Mr. Donan. There are also direct contracts with small units, | 
For instance, at Langley we have a number of very small outfits that 
are working on the project. For instance, we have a transfer trailer 
that carries the astronauts’ equipment, say, from a hangar to a pad, 
that needs to be modified. This is a fairly small job, but a small out- 
fit that can bid on this thing and do it without working through a 
major prime contractor, so it works both through subs working 
through major primes and small companies working directly asa 
contractor. 

Mr. Worr. I know this, that dealing with the Government is not 
quite as simple as it sounds on the surface. There are always little | 
side problems that develop. That is what I was thinking of. 

Mr. Dontan. I believe there was a pamphlet prepared on this very 
subject at NASA headquarters, precisely for this purpose, of acquaint- 
ing the small contractors with how to go about that. 

Mr. Wotr. All right. 

I want to ask you another question not on the record. 

(Discussion off the record. ) 
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(Whereupon, at 10:45 a’clock am., the subcommittee was 


journed. ) 
(Material requested by the subcommittee and subsequently supplied 


is as follows :) 
GENERAL STATEMENT ON THE NASA Space Fiicotr Program 


The urge to explore is innate in man. The Spanish conquistadors sailed in 
miserable little ships to America to ransack the corners of the strange new 
world they found there. Wealth was in their minds, but adventure and explora- 
tion stirred them into action. In Biblical days the Israelites worked their way 
from Egypt to the Promised Land. A thousand years ago South Sea Islanders 
traversed the Pacific in outrigger canoes. In modern times explorers have 
penetrated the remotest parts of the earth. In the last half century, the wonders 
of modern travel have caught up with the last frontiers on the surface of the 
earth. The mysteries of the out of way corners of darkest Africa, remote Tibet, 
and frigid Antarctica have been exposed to public view. Our globe seems to 
have shrunk and shriveled. 

But, with remarkable suddenness in the last decade a new frontier has been 
opened. A new domain—outer space—awaits conquest by man. A world awaits 
expectantly that first flight when man will free himself from the earth, and 
open the way to the Moon and planets. Nothing can hold back this drive into 
gpace except the collapse of our civilization, 

Space is an infinitely vast region, and its conquest will place severe demands on 
human capabilities and resources. To lift even light equipment a few hundred 
miles above the surface of the earth is expensive. The cost of sending man to 
the moon will be far greater. But mankind in its history has never let the cost 
of exploration deter him from the task at hand. Whole tribes have picked up 
their belongings, left their tribal lands, and migrated to distant regions. Alex- 
ander marched his army from Greece to Hindustan. Portugal staked royal 
revenues on explorations of the coast of Africa, and a Spanish queen pawned her 
royal jewels to finance the search for a new route to India. The burden of the 
costs of such ventures was often very great, in many cases perhaps relatively 
greater than the burden that will be imposed on countries like the United States 
by the exploration of space. If we do not choose to assume this burden, other 
countries assuredly will. 

Why should we, the United States of America, want to explore space? Why 
should we not leave it to someone else to do? There are many answers. We 
seek knowledge. We seek the benefits of knowledge. We seek the practical 
applications of the new technology that will develop. We yield to the urge to 
explore that is an American heritage. We seek to extend the domain over which 
man may move. Our national pride will not permit us to sidestep the challenge 
of space that lies before us. Our practical sense assures us that if we do not 
meet the challenge, we face a future as a second-rate nation on this earth. 

What is this knowledge that we seek and how can we get it? We wish to learn 
all we can about the earth and its atmosphere, and about the sun and its influence 
upon the earth. Probing even further into the very nature of existence, we seek 
to learn the nature and origins of the universe, including the origin of our own 
solar system. And most exciting of all, we seek the origin of life and its possible 
presence beyond the terrestrial sphere. These problems we can attack by means 
of sounding rockets, satellites, and space probes. These new tools of space flight 
provide us with the means of sending equipment into the high atmposphere of the 
earth and beyond to make measurements and observations that can never be made 
from the surface of the earth. Eventually they will carry man himself as 
scientific observer and explorer. 

One cannot overestimate the importance of the sun to us. The ancients wor- 
shipped the sun, intuitively recognizing this importance. The sun grows the 
food we eat, and furnishes most of the energy that we use in our daily living, 
incommerce, and in industry. Were the output of energy from the sun to change 
even a fraction of a percent, the effect upon the earth and its inhabitants would 
be tremendous. The changes in weather could be disastrous to mankind. For- 
tunately, no such change in the total solar energy output has occurred through- 
out the history of man nor is any to be expected for eons and eons of time into 
the future, Nevertheless, such is the influence of the sun upon our weather, the 
Seasons, climate, radio communications, our sources of energy and food, that 
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knowledge of sun-earth relationships is of interest and importance not only to 
the scientists but also to the practical man. 

The fundamental nature and origins of the universe ere the basis of oyp 
engineering achievements. An indispensable first step in advancing oy en 
gineering and technological capabilities is to search out these fundamental laws 
and the properties of matter in the universe, so that the engineer can make his 
inventions and creations. We are all familiar with the tremendous practical 
power our knowledge and familiarity with electricity and magnetism have given 
us. Everywhere about us in modern day civilization are seen the applications of 
this knowledge. Who is to say what similar practical advantages may arise ig 
we are able to achieve a comparable understanding of the nature of gravity, for 
example? Thus, even though we may not be able to predict or foresee the specific 
applications that will grow out of our new knowledge about the nature ang 
origins of the universe, nevertheless the possibilities are so tremendous that we 
cannot afford from a practical point of view to omit the research that is needed 
to open up the opportunities. 

In this connection, our nearest cosmic neighbor, the moon, offers tremendous 
opportunities to the scientist. Having no atmosphere, the Moon retains on its 
surface the evidences of its origin and history back to its early beginnings pj. 
lions of years ago. Unlike the Earth, Mars, and Venus, which have atmospheres 
that erode away the surface features in relatively short times geologically speak. 
ing, the Moon has preserved a scientific record that the research man may use to 
explore into the origin of the solar system. But, to read this record in nature's 
handwriting on the lunar surface, the scientist must send his equipment, or go 
himself, to the Moon. 

Most exciting of all will be the search for the origins of physical life, and 
the search for its presence elsewhere in the solar system. Were we to discover 
forms of life on one of the planets, this would undoubtedly have tremendoys 
philosophical impact upon the thinking of all mankind. It is quite likely that the 
forms of life that might be discovered on the planets will be different in some 
respects from those existing on the earth, because the atmospheres within which 
those life forms developed, and the ambient conditions on the parent planet will 
have been different from those on earth. Yet this in itself may be more im. 
portant and rewarding thon if life forms identical to those on earth are dis- 
covered. For through a study of the differences along with the similarities, we 
may be able to take tremendous steps forward in our search for an understand- 
ing of the phenomenon of physical life. In the long run these studies may well 
have the greatest practical import of all to mankind. For an understanding of 
the origin and basis of life cannot help but contribute to human longevity and 
well being. 

Manned space flight is inevitable. It will be an even greater step forward 
than was the launching of the original artificial earth satellite. With its 
achievement, the domain of man will have been extended by a _ tremendous 
factor. Man will in time reach the Moon, there to explore and probe the mys- 
teries of the origin of the solar system. He will traverse the vastnesses of 
space to the planets and there personally conduct the search for extraterrestrial 
life. 

But what will be the practical returns on our investment in space research 
and exploration? What counterpart to the riches of the Indies will we find? 
Many of these returns we cannot even begin to visualize. Science reflects ina 
very real fashion the injunction: “Seek and ye shall find”. Whenever man has 
probed into strange and unknown fields of science, the discoveries have always 
exceeded the expectations of our ignorant state of mind when we began the 
search. The scientist who watched the twitching frog legs never visual'zed our 
modern day electric lights. Roentgen, experimenting with electronstreams in 
evacuated tubes, did not foresee the discovery of X-rays. Columbus never fore 
saw New York City. But in every case great rewards accrued to the effort put 
forth. 

Fen thouch we must accept on faith that the many returns from srace research 
and exploration will indeed repay over and over again the value of our invest: 
ment, still we can foresee some practical applications. One of these lies in the 
field of meteorology. We are all too well aware of the variableness of weather, 
and the difficulty of predicting what it will be tomorrow, or the next day, or the 
next week. We may, however. be sure that the rocket and satellite explorations 
of our atmosphere and the Sun will produce additional knowledge about the 
weather that we may put to practical use. Already the observations from the 
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satellites launched into the radiation belt have revealed to us that there may be 
avery important connection between particles from the Sun, the Earth’s radiation 
belt, and weather disturbances. The full story is not yet known, but the practical 
importance of obtaining the full story is clear. 

With the knowledge we gain about the weather, we move forward in our ability 
to predict and cope with weather. It may well be too much to hope that we shall 
ever control the weather, but we can hope to modify portions of it. The satellite 
will some day provide the platform for observing the weather over large portions 
of the Earth on an almost continuous basis. No range of ground-based weather 
stations adequate to accomplish this would be practical. 

We have read or heard of a second practical development that can be fore- 
seen—the use of an artificial Earth satellite for communications. Large reflecting 
spheres in orbit can be used to transmit by reflection telecommunications over 
large spans of the Earth. Reflection of radio and radar waves by the Moon and 
by an inflated sphere has already been demonstrated. Work and time can be 
expected to give the world a system of artificial satellites that will permit 
communication between any two points on the Earth. This satellite system will 
in its time be an achievement comparable historically with the laying of the 
Atlantic cable. 

The ships that ply the seas are still efficient workhorses to move the cargoes 
of commerce. They will continue to be so, even while men are flying their space- 
ships to the Moon and planets. And the ships of the ocean will still find them- 
selves with navigational difficulties when the celestial bodies are hidden by 
clouds or fog. Artificial satellites offer a solution to this problem. Carrying 
radio beacons, they cannot be obscured by fog or cloud. Crossing the sky re- 
peatedly, they will give to ships almost hourly opportunities for taking bearings. 
One can visualize a group of satellites that would leave no ship to wander blindly 
on its course. 

Space flight is part of America’s future destiny. It poses a challenge we can- 
not ignore. It appeals to our pioneering spirit. It challenges our leadership in 
science and exploration. It promises a wealth of return in knowledge and under- 
standing. It promises practical applications that will far exceed in value the 
required investment. It will extend the scope of our thought and action far 
beyond the confines of our past history. It requires the faith and support of the 


country. 


ScIENTIFIC SATELLITE PROGRAM 
FLIGHT SCHEDULE 


The funds requested in the fiscal year 1961 budget for scientific satellites will 
provide for the continuation of long leadtime work already underway for satel- 
lites to be launched through December 1961, and for the initiation of work neces- 
sary for satellites to be launched in 1962 and 1963. Also included in this budget 
request are provisions for the acquisition, reduction, analysis, and interpreta- 
tion of data from satellites launched already or to be in orbit during fiscal year 
1961, and provisions for the continuance of scientific and technical studies and 
the development of advanced instrumentation necessary for future satellite 
experiments. 

The following flight schedule lists the satellites under this program including 
the ones to be initiated under this budget. This schedule also shows the phasing 
of the various launch vehicles over this time period. The Juno II vehicles and 
payloads started in 1959 will be launched by midfiscal year 1961 and then the 
Delta vehicles will be used to launch somewhat larger satellites through mid- 
fiscal year 1962. These in turn will be followed by the more powerful Thor- 
Agena B and Atlas-Agena B vehicles in fiscal year 1963. The Scout vehicle, 
a four-stage solid propellant rocket, becomes operational in fiscal year 1961 
and will be the principal vehicle used from then on for launching payloads 
up to 200 pounds into orbits up to 300 miles in altitude. The appearance of 
these three new vehicles for satellite launchings in place of modified military 
missiles marks the beginning of the availability of vehicles designed specifically 
for the launching of scientific satellite payloads of significant weight. Hence- 
forth it will be possible to launch satellites of greater weight and to achieve 
more difficult orbits. This increased capability matches the need of keeping 
the scientific program proceeding at a level which is adequate to follow up on 
the discoveries made so far, and to perform further exploratory investigations 
to learn more about the mysteries of space. 
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Fiscal year 


1960 1961 1962 1963 | Tota 


The scientific experiments under this budget are more complex in nature 
and larger in number than was possible previously. The most important reagong 
for this are that the space experiments to date have laid a foundation for the 
planning of more accurate and detailed experiments, and the greater payload 
capacity and performance of the Atlas-Agena and Thor-Agena booster vehicles 
permit the inclusion of more and heavier instruments in the payload. 

The large volume of space to be studied, and the considerable variations of 
properties with altitude, latitude, and time that occur in this region, require 
many satellites launched inte different orbits over a considerable period of 
time to carry out an effective research program. Scientifically, the ability to 
obtain a large number of measurements simultaneously is extremely important, 
Early space experiments have provided strong indications of many important 
relationships and mutual interactions existing in phenomena associated with 
the earth, interplanetary space, and the Sun. For instance, further studies of 
the energetic particles of the radiation belts will be much more valuable if 
accompanied simultaneously by determinations of the variations occurring in 
the Earth’s magnetic field and observation of solar events such as storms, flares, 
and Sun spots. 

Eight new satellites are planned under this budget for launching in 1962 and 
1963. Four of these are quite large and require Atlas or Thor-Agena B boosters 
for launching. The remaining four, although considerably lighter in weight, 
are still heavier than any scientific satellite which NASA has yet launched, 
These four will be placed in orbit by Scout vehicles. 

Superficially, the total of 25 scientific satellites from the last half of fiscal 
year 1960 through fiscal year 1963 seems to be quite large. However, an exami- 
nation of the number of scientific areas to be explored, while remembering that 
the Juno payloads average less than 50 pounds, indicates that this is a very 
small program in view of the immensity and complexity of the task. Actually, 
no more than one major effort is made each year in any principal field of 
investigation. For instance, in one of the most important of these problems, 
the radiation belts around the Earth, only three satellites can be scheduled 
in these 3% years with the major objective of investigating these recently 
discovered phenomena. Further, this schedule will be stretched out in time 
by any failures, which would require the assignment of later booster vehicles 
and payloads to a repetition of the same task. 

The individual satellites to be initiated under this program will now be 
described, followed by a résumé of the satellites already underway. 


BUDGET EXPLANATION 


The heading “Advanced technical development” contains two items. The first 
of these, “Scientific and technical studies,” includes theoretical work and labora- 
tory work supporting the fiight program. The theoretical work includes the 
theoretical studies and evaluations necessary for the planning of an experiment, 
the drawing of conclusions from the results of experiments, and the preparations, 
of explanations or theories accounting for the observations of space phenomena. 
The laboratory work is designed to search for new approaches and objectives in 
space research, to assist in evaluating the results of space research, and to verify 
and extend the results and theories of space science. This budget requests an 
increase of $500,000 to a total of $2 million under this item. This is @ 
very modest increase considering the magnitude of the problems in space science, 
and will permit the continuation of research and theoretical work already under- 
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way. It will also provide support for the interpretation of the increasing 
yolume of space results and the attendant questions raised by each new discovery. 
Here, attention should be drawn to the fact that in the first half of this fiscal 
year, NASA has launched three satellites and that eleven more will have been 
jaunched by the end of fiscal year 1961. 

This budget requests $6 million compared to an appropriation of $3,061,000 in 
fiscal year 1960 for the “Development of advanced instrumentation.” These 
funds will support the development of the instrumentation necessary for meeting 
the scientific objectives of the experiments. Some common examples of instru- 
mentation used in space research include optical and mass spectrometers, pres- 
sure gages, Geiger counters, electric field meters, ion probes, and magnetometers. 
In all cases, specialized equipment suited for satellite use must be developed from 
laboratory models or must be designed as completely new instruments. The ap- 
proximate doubling of the funds supporting these activities to a total of $6 mil- 
lion is a very small increase when compared to the increase in total payload 
weight from several hundred pounds in fiscal year 1960 to over 4 tons for the 
payloads to be initiated under this budget. 

Under the heading “Flight research program” five different vehicles are listed : 
Here it is apparent that the programed funding of the five Juno II’s and one 
Thor-Able (Explorer VI satellite) has been completed. The Delta vehicles are 
not listed on this budget because they have been procured under a vehicle de- 
velopment program ; $3 million is requested for partial funding of the two Atlas- 
Agena B vehicles, and another $3 million for two Thor-Agena B vehicles, to per- 
mit the starting of the long leadtime vehicle work necessary for launchings in 
1962 and 1968. In addition to this $6 million for the partial funding of these 
four major vehicles, the sum of $38,500,000 is requested for the procurement of 
seven Scout vehicles. Three of these will be used in the NASA international 
program, and four will be used in the national space science program. 

The final item ‘Satellite payloads,” indicates an increase from $13,425,000 in 
fiscal year 1960 to $24,200,000 in this budget. This item has increased due to 
the necessity of providing support for the start of payload work for the consid- 
erably heavier and more complex payloads to be launched in 1962 and 1963 as 
well as providing for the continuation of payload work for the Delta and other 
satellites to be launched through fiscal year 1961. Here it must be emphasized 
that the complexity of a payload frequently increases faster than its weight, as 
larger payloads are used. Longer lead times, sometimes in excess of 2 years, are 
required. The work budgeted under this item includes: (1) Instrument con- 
struction and procurement; (2) payload design and assembly ; (3) environmental 
testing of instruments and prototype payloads; (4) construction of power sup- 
plies and telemetry equipment; (5) data reception, recording, and reduction. 
When compared to the increase of 700 to 800 percent in the payload weights of 
this budget compared to the earlier ones, the increase of only 80 percent in pay- 
load funds can only indicate that this amount of $24,200,000 is already a 
minimum. 

Thus, the total budget request for scientific satellites in this budget has in- 
creased to $41,700,000 from $23,813,000 in fiscal year 1960. This is indeed a small 
increase considering the large increase in payload weights and the expanding sci- 
entific research problems under attack. This budget must provide the necessary 
followup work on satellites already launched or to be launched during fiscal year 
1960 as well as providing for the national space science program in fiscal year 
1961 and later. It should be quite apparent that this budget represents a care- 
fully calculated minimum request to furnish the United States a proper space 
research program, and that any reduction in these funds can be reflected only 
by a reduction in the U.S. program of space exploration. 


DESCRIPTION OF SCIENTIFIC SATELLITES 


The orbiting astronomical observatory satellite to be programed under this 
budget is a very important first-of-its-kind scientific experiment. It is intended 
to make astronomical observations from above the obscuring and blanketing 
effect of the Earth’s atmosphere. The weight of instruments and stabilizing 
equipment for this satellite will be more than 2 tons. The Atlas-Agena B will 
be used as the launching vehicle. 

Another Atlas-Agena B will be used to launch a payload of approximately 600 
pounds into a highly elliptical orbit for detailed studies of the radiation belts, 
the Earth’s magnetic field, and atmospheric and ionospheric phenomena from 
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pole to pole. The region to be studied will encompass the Earth from a distanep 
of a few hundred miles to at least 60,000 miles. 

Another satellite will contain pointing controls to direct spectroscopes and 
other sateilite instrumentation in detailed studies of the Sun. Additional ingtyy. 
ments will also be included to help determine the nature of the role the Sun 
plays in determining natural events upon the Earth. This satellite wi be 
instrumented to follow up and to extend the results obtained from the explora- 
tory solar spectroscopy satellite to be launched near the end of 1960. The weight 
of this payload will be at least 500 pounds. 

Another satellite will be launched into a low altitude orbit extending over 
the North and South Poles for investigations of the upper atmosphere, the 
ionosphere, the Earth’s magnetic field, the aurora, and radiation phenomena. 
These investigations will follow up on discoveries already made and will search 
for the relations existing among these various natural phenomena, with partie 
ular emphasis on the unique properties of the arctic and antarctic upper 
atmosphere. 

It is planned to launch these four major satellites over an interval of time 
chosen to permit overlap of the useful life of the satellites. In this way 
maximum benefit will be realized from the variety of investigations to be made 
and the different orbits to be used. This simultaneity of reporting should be 
extremely helpful in unraveling the many different interactions existing among 
geophysical phenomena, and in understanding better the influence exerted by 
the Sun in controlling or influencing conditions on Earth. 

In addition to these four major satellites, seven of the much less expensive 
Scout vehicles are included in this request; three of these are intended for 
use in the NASA international program and the payloads will be built as q 
cooperative effort with the participating nations. The remaining four Scouts 
will be used to launch satellites averaging 150 pounds into specific orbits chosep 
for the scientific investigation of selected regions of the Earth's atmosphere and 
ionosphere. These NASA payloads will be designed to search for new discoveries 
with a major emphasis applied to the polar regions—areas so far not investigated 
by the scientific satellites of any nation. 

Four remaining Juno II satellites are on the schedule for launching through 
the first half of fiscal year 1961. 

One of these, with a payload weight of about 20 pounds, will continue our 
studies of the radiation belts. Even with this light payload, the orbit cannot 
be extended to high enough altitudes to insure that the entire depth of the 
belts can be reached. Two more of these satellites will be devoted to studies of 
the Earth's ionosphere. This interesting region controls the propagation of 
radio waves over the Earth’s surface and, hence, is of great importance to 
radio communications. These two satellites are a start in a major program of 
investigation and study of this region. 

The final Juno II satellite will contain instrumentation for the measurement 
of gamma rays from above the absorbing effects of the Earth’s atmosphere. 
Scientists hope that the results from this experiment will contribute to a better 
understanding of one of the mysteries of modern science, the nature and origin 
of cosmic rays. 

Five Delta-launched satellites follow the Juno ones. Each Delta satellite 
is instrumented to study a different facet of space science. 

The first of these satellites will enable astronomers to make the first studies 
of the Sun without the interferences caused by the Earth’s lower atmosphere. 
This satellite will contain pointing controls to automatically keep the scientific 
instruments pointed at the Sun. The results obtained by this exploratory 
experiment will provide the background for the design of the much heavier- 
payload Thor-Agena B satellite requested in this budget for the investigation 
of Sun-Earth relations. 

The second Delta satellite will be directed at further investigations of the 
radiation belts around the Earth. The instrumentation for this satellite will 
be selected to continue the investigations and to pursue in detail important 
results obtained by the earlier Juno satellite. 

Another Delta satellite will be the first satellite in the space science program 
directed to the study of the structure and related phenomena of the upper 
atmosphere. This experiment should provide valuable new data about this 
upper region of the atmosphere and the results will be used in designing the 
payload for the Scout satellite requested under this budget for investigations 
of the atmosphere with a strong emphasis upon the comparatively unknown 
arctic and antarctic regions. 
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The fourth Delta satellite will be used to obtain more exact information about 
the Earth itself rather than for studies of space. This satellite will be equipped 
with an automatic flashing light of high intensity. Very precise photographic 
tracking of this satellite will furnish data leading to a more exact knowledge of 
poth the location of selected points upon the Earth’s surface and the configuration 

Earth. 

= fifth Delta satellite will be equipped with complex electronic instrumenta- 
tion designed to study the upper portions of the ionosphere. This satellite will 
be an important “first” in the investigation of the ionosphere because it will 
obtain measurements not heretofore possible. Radio soundings of the lower 

rtion of the ionosphere have been made from the ground for many years 
and much useful information has been obtained. The nature of the ionosphere 
and its effect upon radio waves prevents the use of this technique in obtaining 
information about the upper half of the ionosphere. This “Topside sounder 
satellite’ will be designed to make these sounding measurements from above 
the main portion of the ionosphere. The information thus obtained, plus the 
results from the earlier ionospheric satellites and the sounding rocket program, 
should contribute materially to our understanding of the nature and phenomena 
of the ionosphere. 

In addition to the seven Scout vehicles requested under this budget, five other 
Scout launchings are on the schedule through fiscal year 1961. Briefly, the pay- 
loads for these launches include one for micrometeorite studies, two for iono- 
spheric studies, one for cosmic ray and energetic particles studies using photo- 
graphic emulsions, and one payload as a possible backup of the Juno program. 
The ionospheric studies and the photographie emulsion experiment will be 
launched as very high altitude probes (over 5,000 miles) rather than as satellites, 
Also, the emulsion experiment will require recovery of the payload for process- 
ing and interpretation. 

It is worthwhile to compare the eight new satellite payloads to be started 
under this budget with previous space science satellites. The average payload 
weight for the four Agena B satellites will be roughly 1,500 pounds. Thus, the 
average Agena B satellite will be about three times the total weight of all 
sicentific satellite payloads launched by NASA during calendar year 1959. The 
average Scout payload will be about the same as the 142-pound Explorer VI, the 
heaviest scientific satellite launched by NASA to date. 

Thus, while the same number of scientific satellite launchings are scheduled for 
fiscal years 1961 and 1962, the total weight and number of scientific instruments 
to be flown has increased tremendously from fiscal year 1959, due primarily to 
increased vehicle capabilities. This increased activity in scientific measurements 
is reflected in the greater amount requested for scientific payloads in this budget. 
This increased budget will support and continue work on satellites already un- 
derway for launching in 1960 and 1961 as well as providing for the initiation 
of work for satellites to be launched in 1962 and 1963. 


MANNED Space 
SUMMARY 


Project Mercury represents this Nation’s effort to launch and recover a 
manned satellite. The program’s primary objective is to study man’s capabilities 
in a space environment. 

A manned satellite will be launched from Cape Canaveral, using an Atlas 
launching vehicle. After the satellite has circumnavigated the globe three 
times, at an altitude of 120 miles, it will be made to return to earth. Recovery 
will be made in the Atlantic Ocean. 

Because the ultimate achievement of manned orbital flight will mark a tre- 
mendous step beyond the present limits of manned flight, the Mercury program 
must be based on a logical and methodical buildup of capabilities. This build- 
up includes a broad research and development program of wind tunnel and 
flight tests. Capsule design criteria were evolved in a rocket flight test pro- 
gram, using nonproduction capsule models that could be fabricated at low cost 
and at an early date. 

The buildup in capability will be continued with McDonnell-produced cap- 
sules, as soon as they become available. A series of unmanned and manned bal- 
listic flights will be made, using the Redstone booster. In these flights the cap- 


ee — be flight tested, and astronauts will be trained for the longer satellite 
missions. 
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Qualification flights at higher speeds will be made on Atlas-launched ballistic 
flights. The capsule will be subjected to all the forces and motions of satellite 
flight and reentry, without actually entering an earth orbit. 

Following these flights, the Mercury capsule will be ready for its first Orbital 
flight. Satellite flights will first be made with instrumented capsules; then g 
chimpanzee will be flown, and recovered; and when we are convinced that gj 
systems are sufficiently reliable, the first manned orbital flight will be made. 

Project Mercury is being carried out with the greatest possible speed and 
urgency ; the flight program is tightly scheduled in order to meet all objectives 
at the earliest practicable date. The project has been awarded a DX priority 
rating, and thus carries a priority equal to that of our ballistic missile programs 
In order to meet the Mercury flight schedule, a copy of which is attached to this 
document, additional funding in the amount of $107,750,000 will be required jn 
fiscal year 1961. 

The compressed time phasing of the project, between inception and scheduleg 
flight, has required that research, development, engineering, manufacturing 
test, and training, be undertaken simultaneously. Inevitably, under these condi. 
tions, costs are incurred that are not expected at the time of the budget syp. 
mission. Thus, for example, the funds required for Project Mercury were 
underestimated at the inception of the program, and supplemental funds in the 
amount of $20,750,000 were requested in fiscal year 1959. The fiscal year 1969 
budget estimates were prepared at a time when the project had just gotten 
started. Once again, the funds appropriated in 1960 were insufficient, and 
supplemental budgetary request in the amount of $12,200,000 was submitted ip 
order to avoid serious delays in the program. 

We are now requesting $107,750,000 to carry the manned space flight program 
through fiscal year 1961. Project Mercury is nearly 1% years old. Much of the 
research and development program has been completed, and firm budgetary 
estimates can now be made. 

The funds requested for 1961 represent the minimum level of funding required 
to carry the program through this period. These requirements are based ona 
detailed cost analysis, not only by NASA, but also by the suppliers of the Mercury 
boosters and capsules. 

We are firmly convinced that funding at a lower level than the requested 
$107,750,000 will result in a serious delay of the ultimate objective of Project 
Mercury—manned orbital flight. 


PROJECT MERCURY 


Our long-range plans for the exploration of space are based on the premise 
that man will actively participate in many of our space missions. These plans, 
therefore, strongly depend on the assumption that manned space flight is 
feasible, and that man will indeed be able to perform useful functions in space. 
Much of our future effort depends on the validity of this assumption, and it is 
therefore imperative that man’s capabilities in space be determined as soon as 
possible. 

Project Mercury was conceived, and is being carried out, in a manner that will 
attempt to achieve manned orbital flight at the earliest practicable date. Its 
primary objective is to determine man’s capabilities in a space environment. 

In the Mercury mission, a satellite capsule will be launched into a 120-mile 
orbit, using an Atlas booster. The capsule will be fitted with an escape system. 
designed to separate it from the Atlas in case of a booster malfunction. Ina 
normal mission, the satellite will circle the globe three times; at the end of three 
orbits, the capsule’s retrorockets will be fired to initiate its descent toward the 
atmosphere. During its flight within the atmosphere, it will be slowed down, 
by the drag of the air through which it flies, to a speed where the landing para- 
chutes can safely be deployed. After a parachute landing in the Atlantic Ocean. 
the capsule will be picked up by recovery ships that are standing by. 

The accomplishment of Project Mercury will mark a tremendous step forward; 
putting a man into space will immeasurably extend the frontiers of manned 
flight. The speed of flight will be increased by a factor of eight over present 
achievements, and the altitude by a factor of five; the environment encountered 
in space flight will be one that heretofore has not even been approached. The 
event will be of such importance that it cannot fail to earn worldwide acclaim 
for the technical skill of the nation accomplishing this difficult task. 
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RESEARCH AND DEVELOPMENT PROGRAM 


Because the ultimate achievement of manned orbital flight will constitute a 
stretching of the existing state of the art, its accomplishment requires a logical 
and methodical buildup of capability. This buildup included broad scientific 
and engineering investigations, using a wide variety of technical equipment, to 
determine a suitable shape for the manned satellite capsule. 

Following these investigations, a flight program was initiated to develop and 
qualify the various components of the capsule. A Mercury flight schedule is 
attached at the end of this document. The flight program included airplane 
drop tests, in which full-scale capsule models were dropped from large cargo 
aircraft at high altitude. The tests were used to develop a highly reliable para- 
chute system, and to determine procedures to be used in the recovery operations. 
In other tests, capsule models were released from fighter aircraft at supersonic 
speeds, to develop and qualify the capsule’s drogue parachute, The escape sys- 
tem was perfected by launching full-scale capsules with the escape rocket as the 
only means of propulsion. 

Rocket-boosted flight tests were required to check the capsule and its compo- 
nents over a range of speeds and altitudes. A solid-propellant rocket booster, 
nicknamed Little Joe, was designed and fabricated especially for Project Mer- 
cury. This booster, which develops 244 million pounds of thrust at takeoff, was 
used on a number of occasions to further aid in the qualification of the all-impor- 
tant emergency escape system. 

The validity of the Mercury design concept was demonstrated in the fall of 
1959 during an Atlas-boosted capsule test, called Big Joe. In that test, a capsule 
was made to reenter the earth’s atmosphere, after being accelerated to nearly 
orbital speed. The Big Joe capsule, which survived the scorching heat of reentry, 
was later recovered many hundreds of miles from Cape Canaveral. 

To date, more than 100 wind tunnel tests of the Mercury capsule have been 
performed; and 122 capsule models have been dropped from airplanes in the 
parachute development program. The escape system has been tested three times 
in simulated off-the-pad abort maneuvers, and four more escape system tests were 
performed in connection with four successful Little Joe flights. A small monkey 
was carried along on two of the Little Joe flights, in an attempt to gain further 
physiological data on the effects of space flight. And, as mentioned earlier, a 
single Atlas-launched capsule flight has been made. 

All flight tests to date were made with so-called “boilerplate capsules.” These 
capsules simulate the shape and weight of the Mercury capsules, but do not con- 
tain many of the systems and subsystems that will be required for manned 
operation. Boilerplate capsules are of simple construction, utilizing heavy, 
welded sheet metal. 

MERCURY CAPSULES 


In January 1959, McDonnell Aircraft Corp. was selected as the prime contrac- 
tor to design and construct the Mercury production capsules. The selection was 
based on an industrywide competition; 12 firms submitted proposals based on 
NASA specifications for the capsule. After a thorough evaluation of these pro- 
posals, a contract was awarded to McDonnell. 

The Mercury capsule is by no means a simple device. It has been a major 
engineering task to design a satellite that can withstand the heat and forces of 
reentry, and yet is light enough to be boosted into orbit. All of the components 
of the satellite—the environmental system, the attitude control system, the com- 
munications system—constitute major developments of currently available equip- 
ment. The complexity of the device is perhaps best illustrated by the fact that 
7 miles of electrical wiring are interwoven into the capsule, in order to control 
the many valves, rockets, explosive bolts, and electronic systems. 

The compressed time-phasing of the project, between inception and scheduled 
flight, has required that research, development, design, and fabrication be under- 
taken simultaneously. Inevitably, under these conditions, experience has 
Tequired that modifications to design, arrangement, and structure be made dur- 
ing the conduct of the program. To date, a large number of capsule changes 
-have been made, as a result of potential trouble areas that have been uncovered 
in the research and development program; further changes were incorporated 
to insure the safety of the pilot. 

A total of 24 capsules will be required for the various phases of the flight 
Program. During February 1960, a number of capsules were nearing completion, 
and delivery of the first capsule was scheduled for March 1960. 
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QUALIFICATION FLIGHT TESTS 


Immediately after delivery of the first capsules, a qualification flight test pro. 
gram will be initiated. In this program, the production capsules will be flown 
on successively more difficult missions, culminating with the design mission of 
orbital flight. 

In the first tests, to be carried out in the first half of calendar year 1960, the 
escape sequence will be tested in a simulated off-the-pad abort flight, and jp 


another Little Joe flight. 
REDSTONE BALLISTIC FLIGHTS 


Starting in about the middle of this year, an important series of ballistic 
flights will be started, using the Redstone booster. 

The Redstone will carry the capsule to an altitude of 125 miles, and to a dis. 
tance of 200 miles from Cape Canaveral. The flight will last 16% minntes, 
During that time, the capsule will be accelerated to a speed of 4,000 miles per 
hour and will withstand g. forces as high as 6% during exit, and 11 during 
reentry. A weightless time of 514 minutes will be sustained. 

Initially, the Redstone-boosted capsules will contain only instruments. Later 
on, a capsule containing a chimpanzee will be flown along the same trajectory, 
and, when all systems are sufficiently reliable, manned ballistic flights will be 
made. In these flights, man will be subjected to more than five times the 
period of weightlessness than had heretofore been possible. The experience 
gained by the astronaut in the operation of the capsule in these relatively short 
flights, will be exceedingly valuable as part of the training program for the 
later manned orbital flights. 


ATLAS BALLISTIC FLIGHTS 


Capsule qualification at speeds higher than those possible with the Redstone, 
will be carried out with the Atlas. The Atlas will launch the capsule along q 
series of ballistic trajectories before it is employed in the orbital mission. In 
these fiights, the capsule will be subjected to the speeds, forces, and heating 
that will be encountered in orbital flight. All of the Atlas ballistic flights will be 
unmanned. The Atlas flight test program will start in the middle of this year, 


ORBITAL FLIGHTS 


After completion of the ballistic flight tests, the capsule and its launch vehicle 
will be ready for the first orbital flight. The altitude of the orbit will be 120 
miles, and the speed 17,500 miles per hour. Each orbit will last 90 minutes. 
It is planned to keep the capsule aloft for three orbits, or 44% hours. 

The first time the capsule is sent into orbit, it will contain only instruments 
so that the functioning of all the equipment can be checked. Later on, a capsule 
containing an animal will be flown to check the life-sunport system. the biological 
instrumentation on board, and to determine the physiological effects of long- 
term exposure to weightless flight. 

Only after successful instrumented and animal flights have been completed, 
will the first manned flight take place. 


ADVANCED REENTRY CONFIGURATIONS 


Project Mercury is only the first step in our long-range program for the manned 
exploration of space. Long-range goals in our program include manned landings 
on the Moon, and still later, on the planets. Manned flight around the Moon will 
be a prerequisite for a lunar landing. 

The Mercury capsule is not suitable as a return vehicle for a lunar mission. 
Instead, a capsule capable of reentering the atmosphere at higher speeds will 
be required. Our studies also indicate that a lunar-return vehicle must be 
capable of generating some aerodynamic lift, in order to minimize the mid-course 
guidance requirements. Aerodynamic lift may also be applied to control the 
landing point upon return from a stellite or space mission. 

During fiscal year 1961, it is planned to expend less than 1 percent of the 
funds requested for manned space flight in the area of advanced reentry 
configurations. In this connection, two major areas will be considered: the use 
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of lift to facilitate reentry from space, and guidance and control methods for 
iJoted space flight. Extensive analyses will be made, and scale models of 
p ious configurations will be evaluated in wind tunnels. Flight simulators 


will be used to evaluate the pilot’s capability to fly such vehicles. 


PROGRAM COSTS 


In fiseal year 1961, $107,750,000 will be required to carry out the manned space 


ight program. 
mphese funds can be divided into the following categories: 


1, Biological and human engincering studies, $2,090,000 


This item includes: (@) Personne) equipment such as astronaut’s pressure 
suits, and transfer equipment to remove the astronaut from the capsule in case 
of an emergency on the pad; () training and training aids, such as special 
purpese equipment in support of the centrifuge programs, and world-wide track- 
ing network simulation equipment; and (c) tolerance studies, such as equip- 
ment required to train and handle the animals used in Project Mercury tests. 


9, Mercury development program, $4,050,090 

Included in this category are: (a) Models for wind tunnel and small-scale 
flight tests, and for impact, vibration, and hydrodynamic tests; (b) support 
equipment for air-drop parachute tests; (c) testing of escape rockets and other 
pyrotechnic devices; (7) testing of the capsule structure and of impact attenua- 
tion devices; (ec) tests of the reaction jet system; and (f) development and 
qualification of the communications system. 


$ and 4. Advanced reentry configuration, $800,000; manual and automatic 
guidance and control system for advanced reentry configuration, $200,000; 
total $1,000,000 
These two items represent the funds required for studies leading toward the 
follow-on program to Project Mercury. Included are wind tunnel and structural 
tests, subsystems development, and inertial guidance systems development. 


5. Major boosters, $25,650,000 

This category includes (a) the completion of the funding for 8 Redstone 
boosters used in Mercury qualification and training flights; and (b) partial fund- 
ing for 15 Atlases, used in the development, qualification, and orbital missions. 


6. Mercury capsules, support equipment, and support services, $35,290,000 


Included here are: (a) the procurement of 24 Mercury capsules including 
changes and revisions as dictated by the research and development program and 
by pilot safety considerations; (0b) spare parts for the capsules; (c) ground 
support equipment to check out and monitor capsules at ABMA and Cape 
Canaveral; (d) capsule flight test support services; (e) training simulators used 
by astronauts and ground crews to develop operational procedures and experi- 
ence; and (f) equipment and services to support the research and development 
program. 

7. Tracking network operations and equipment, $24,670,000 

This item includes: (a) research and development costs required for the im- 
plementation of the network, such as reactivation costs of the network ships, 
funds for the installation and modification of certain equipment, and consulting 
services; (b) network operation expenses, such as computing equipment services, 
maintenance and operations personnel training and services, transportation serv- 
ices and supplies and materials; and (¢c) special operations support by the Atlan- 
tic Missile Range, including special cabling, communications and circuitry 
services, 


8. Recovery operations $15 million 

Included in this category are all costs that will recur for each flight mission, 
such as: (a) Pre-flight trajectory calculations; (b) Air- and ship-borne data 
acquisition (c) data reduction and analysis services (d) operation of the mid- 
Atlantic and Indian Ocean tracking ships, (e¢) and the actual ship and aircraft 
operating expenses incurred in direct support of Mercury recovery operations 
following both Redstone and Atlas flights. 
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Mercury flight schedule 


Fiscal year Fiscal year 1960 Fiscal year 1961 Fiscal year 
1959 1962 
Mercury Red- 
Mercury Atlas_-_| -... | ---- 1 See es 1 2 2 2 2 5 
Research and 
—— Development McDonnell Capsules————__, 
Capsules 


COMMUNICATIONS SATELLITE PROGRAM, Fiscat YEAR 1961 


PROGRAM OBJECTIVES 


One of the major objectives of the NASA is to establish the use of satellites 
for providing global communications. Such communications satellites can pro- 
vide almost unlimited capacity for the instantaneous transmission of teletype, 
telephone, and television throughout the world. The capacity of present com- 
munications facilities will soon be exceeded and there does not now exist any 
wide-band width communications system capable of transoceanic television trans- 
mission. Communications satellites can provide this required capability and will 
also be able to satisfy the growing needs of scientific data transmission to ap- 
pease the appetites of high-speed electronics computers which have revolution- 
ized the rate of scientific progress. Not only can communications satellites 
Satisfy these urgent needs but currently appear to provide an economically 
sound solution to the problem when compared with undersea cables, tropospheric 
seatter systems, or microwave links—none of which show the inherent promise of 
satellite systems. 

Satellites which can be used to provide communications over large areas of 
the earth can be placed into two broad categories—the active repeater satellites 
and the passive satellites. The active repeater satellites contain electronics and 
an appropriate power source which permit a radio signal, sent from one point 
on the earth, to be received on board the satellite, amplified, and then retrans- 
mitted to a distant receiver. The other category, the passive satellite, is com- 
prised of satellites which merely reflect back toward the earth radio signals 
originating on the earth. 

Because of some rather immediate tactical needs, the DOD has embarked on 
a program to develop certain forms of the active repeater communications 
satellite. NASA is interested in establishing the technology necessary to the 
design of the more general communications satellites for civilian and commer- 
cial use. In the area of active repeater communications satellites, NASA is 
watching with interest and relying on the DOD programs to provide the early 
stages of development. NASA has established an active research and develop- 
ment program in the area of passive communications satellites. Our initial 
effort calls for the development of large inflatable spherical satellites and the 
investigation of this form of satellite as a communications medium. 


FLIGHT SCHEDULE (by quarters) 


Calendar year 1960 Calendar year 1961 Calendar year 1962 


Ist 2d 3d 4th | Ist 2d 3d 4th | Ist 2d 3d | 4th 


Project Echo, _ single- 
Moultiple-sphere launch- 
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Flight research program—single-sphere launchings 


To explore thoroughly the use of large inflatable sphere satellites for use as 
a communications medium, NASA has established the following flight research 
program. Three orbital launchings of a 100-foot diameter sphere will be con- 
ducted: one in the second quarter of calendar year 1960, one in the second 
quarter of calendar year 1961, and one in the first quarter of calendar year 1962, 
This series of experiments has been named Project Echo and is designed to 
develop the technology necessary to the establishment of durable structures in 
space and the evaluation of their use as communications satellites. The Project 
Echo No. 1 satellite will be a 100-foot diameter inflatable sphere, developed by 
the NASA Langley Research Center. It is constructed of mylar, a plastic, one- 
half thousandth of an inch thick, with a vapor-deposited coating of aluminum 
to provide reflectivity. The sphere weighs approximately 136 pounds and has 
31,416 square feet of surface area. The satellite is folded into a container 26 
inches in diameter and the container is evacuated to a low pressure. A sub- 
liming material (one that passes directly from a solid to a gaseous state) is 
placed into the sphere before packaging to provide for inflation of the sphere in 
the vacuum of space after it has been released from its container. When es- 
tablished in orbit, the sphere will be used to demonstrate the feasibility of using 
such spherical satellites for communications, and to perform the communications 
experiments described below. 


Single-sphere ballistic launchings 


To support the development of the 100-foot sphere, several ballistic launch- 
ings from Wallops Island have been scheduled. Two such tests have been per- 
formed at this time: the first was on October 28, 1959, and the second on 
January 16, 1960. A third launch is scheduled near the end of February 1960. 

The first test revealed that the sphere ruptured and broke into several pieces. 
The second test suffered from a vehicle fault but the sphere was ejected. In- 
formation obtained from this second test indicates that the faults in the first 
test may have been corrected. In addition, inflation of the sphere in a large 
yacuum chamber indicates a satisfactory initial inflation process. 


Flight research program, advanced design 


Project Echo satellites Nos. 2 and 3 will be similar to No. 1 but utilizing more 
advanced design resulting from previous flights. These improvements may 
include rigidization and launching into polar orbits. Additional ballistic launch 
tests are planned for the development of Echo payloads No. 2 and No. 3. 


Costs, single-sphere launchings 


The costs for the Echo No. 1 payload development are a little less than 
$1,100,000. It is estimated that payload development and procurement costs for 
Echo Nos. 2 and 3 will be nearly the same as for No. 1 ($734,000 in fiscal year 
1960 and an additional $300,000 in fiscal year 1961 for No. 2 and $1,100,000 in 
fiscal year 1961 for No. 3). It should be pointed out here that these costs are, 
for the most part, hardware costs. Since most of the development, engineering 
‘design, and testing is done within NASA, these costs do not reflect personnel 
and overhead expenses. 


Flight research program, multiple-sphere launch and costs 


To establish and maintain continuous communications, a number of satellites 
in orbit will be necessary in order that at least one is always in sight of the two 
‘stations desiring to communicate. Studies indicate if no effort is made to con- 
trol the relative position of satellites, on the order of 26 spheres in a 3,000- to 
4,000-mile orbit would be required to provide 99 percent availability. A launch- 
ing of a multiple rigidized sphere payload, utilizing the booster capabilities of 
the Atlas Agena-B is planned for late in 1962. In order to meet such a sched- 
ule, funding must be made available by fiscal year 1961 to begin this develop- 
ment. The cost of the Agena-B payloads have been estimated to be $2,600,000 
of which $1,450,000 will be required in fiscal year 1961. 


Communications experiment 


In order to evaluate the communications capabilities of satellites established 
during the flight program, NASA has instituted a program and is providing 
facilities to be used in communications research. Two primary facilities are 
under development: the JPL Goldstone facility on the west coast and the Bell 
‘Telephone Laboratories facility (development costs borne by Bell Laboratories) 
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at Holmdel, N.J., on the east coast. Special transmitters, receivers, antenng 
and antenna-pointing equipment have been developed for these communications 
terminals. These stations will demonstrate the feasibility of satellite commynj. 
cations and in addition investigate radio frequency transmission characteristics 
modulation techniques, and tracking techniques as well as determine the shape 
of the satellite in orbit. 

These facilities as well as the Lincoln Laboratory Millstone radar, which wiy 
be used for tracking the satellite, will be used throughout the research and 
development phases of the NASA communications satellite program. Additiong} 
developments for these sites will be required to keep pace with the satellite 
developments. 


Costs, ground support 


Ground support requirements for the communications experiments will pe 
approximately the same; namely, $1,296,000 in fiscal year 1960 and $1,300,000 in 
fiscal year 1961. Although facilities improvement costs will drop slightly, 
increased utilization of facilities will more than counteract this reduction, 


Advanced technological development programs 


To support the extensive communications satellite flight program described, a 
considerable number of research, development, and study programs have ben 
initiated. These programs include computer techniques for data reduction, the 
influence of ultimate communications requirements on satellite systems, large 
spheres and other forms of passive satellites, rigidization techniques for space 
structures, propagation studies to determine radiofrequency characteristics of 
various structures, electrically steerable antenna arrays, scientific data trans. 
mission requirements, and stabilization systems for passive satellites. Equip 
ment development in this area includes communications transmitter, digital 
antenna-pointing equipment. and radio beacons for inflatable space structures, 
Continned and expanding efforts to support the advanced flight program are 
required in over half of these areas. Such exnansion is indicated in the inereage 
of from $749.000 in fiscal year 1960 to $1,100,000 in fiscal year 1961 in the area 
of advanced technical development. 


Deep space communications 


In add‘tion to the flight and supporting programs described previously, the 
NASA has begun research and development in deep space communications, 
Studies have been initiated to determine communications requirements for lunar 
and planetary programs. In addition, investigation of components, techniques, 
and svstems are being undertaken. The area of deep space communications is 
extremely broad, covering many forms of data transmission, and it is in the 
early stages of growth. Considerable research will be required in order to 
better understand the problems which might be encountered in establishing 
reliable communications in these hitherto unexplored regions. The program 
reflected in the fiscal year 1960 and fiscal year 1961 budgets is pointed towards 
establishing research and developments that will lead the way to uncovering 
problems and afford solutions in deep space communications, 


SouNDING RocKET PROGRAM 


A sounding rocket is a rocket that rises to a maximum altitude of no more 
than 4,000 miles (one Earth’s radius) and then falls back to the earth. The 
primary use of sounding rockets is for the scientific exploration of the upper 
atmosphere, especially in the region extending from the maximum altitude 
attainable by balloons of about 20 miles to the minimum useful altitude of 
satellites of about 125 miles. Rockets are used to determine the nature, strte 
ture, and behavior of the atmosphere and its interactions with incident radia- 
tions and particles, particularly those from the sun; and to measure radiation 
arriving from other celestial bodies, from above the obscuring and distorting 
lower atmosphere, which handicaps all Earth-bound astronomers. In addition, 
sounding rockets are used for the extremely valuable purpose of testing equip- 
ment before use in the far more costly satellites and space probes, and they also 
furnish a relatively inexpensive method of performing certain specialized sci- 
entific experiments such as the recovery of film which records the passage of 
high energy particles at altitudes of several thousand miles. The relative 
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simplicity of the launching facilities required by sounding rockets is a distinct 
advantage, and launchings from the Arctic (Fort Churchill, Canada) and 
Australia, as well as from the NASA Wallops Island, Va., site, are planned to 
achieve better worldwide coverage. 

The $8 million requested in the fiscal year 1961 budget for the sounding 
rocket program will provide for its continuation at about the level established 
during the International Geophysical Year and maintained in the NASA sched- 
ule for calendar year 1960. This level of 90 to 100 rockets per year will provide 
for the continuation of the planned research program in the scientific areas of 
atmospheric physics and astronomy, which each consume roughly one-third of 
the rockets; and in the areas of ionospheric physics, high-energy particles, and 
magnetic fields, which each consume about one-tenth of the rockets. This NASA 
space research program using sounding rockets is coordinated closely with the 
NASA scientific satellite and space probe research programs, and with the upper 
atmospheric research programs of other U.S. agencies, to form a unified national 
program of scientific space exploration. 

The sounding rocket provram costs are divided into advanced technical develop- 
ment and flight research program. Under the former category is included $500,000 
in fiscal year 1961 for “scientific and technical studies”, which is 30 percent less 
than the amount appropriated for this purpose in fiscal year 1960. Such studies 
include long-range theoretical and laboratory investigations of the probable nature 
of the upper atmosphere, are based on past measurements, and lead to future 
sounding rocket experiments. The actual “development of advanced instrumenta- 
tion” for the conduct of such experiments will require $1,300,000 in fiscal year 
1961, which is nearly 40 percent less than the fiscal year 1960 appropriation. It 
has been possib'e to reduce these two items because the initial development of 
experiments has been completed and the sounding rocket program has leveled off 
at a rate which should not require a major increase in the number of launchings 
per yeor for the next several years. It is likely, however, that increased expendi- 
tures in the advanced technical development category will be required in future 
years to exploit the new information resulting from the flight research results 
which may be expected. 

Under the flight research program category, the fiscal year 1961 amounts of 
$3,200,000 for “sounding rockets” and $3 million for “payloads” are each within 
4 percent of their fiscal year 1960 appropriations, and reflect the leveling off of 
the effort in this research program. The average cost per sounding rocket is 
$27,000, which will allow 120 rockets to be purchased with the requested funds. 
This number provides 1 backup rocket for every 5 launching attempts, to ach‘eve 
100 successful launchings. The cost per individual sounding rocket ranges from 
a low of $6,000 for the Arcon, which carries 30 pounds to 65 miles, to a hich of 
$50,000 for the Javelin, which carries 90 pounds to 700 miles. It has long been 
the experience in sounding rocket programs that, on the average, payload costs 
are very nearly equal to rocket costs, and these two items reflect this experience. 

In summary, the requested amount of $8 million to conduct the sounding rocket 
program during fiscal year 1961 represents a decrease of nearly 10 percent below 
the fiscal year 1960 appropriation. It is the minimum amount required to inves- 
tigate this important region of space around the Earth which is inaccessible to 
any other vehicle, but through which every one of our satellites and space probes, 
manned and unmanned, must pass. 


METEOROLOGICAL SATELLITE PROGRAM 


OBJECTIVES 


The overall objective of the NASA meteorological satellite program is to estab- 
lish a meteorological satellite capability for worldwide coverage and for provid- 
ing observations of atmospheric elements required by the meteorologist in order 
to tnderstand atmospheric processes and predict the weather. These elements 
include cloud cover, storm location, precipitation, temperature, wind direction, 
heat balance, water vapor and other constituents. To achieve this objective will 
require: (a) the development of stabilized satellites for polar orbits of 500- to 
1,000-mile altitude and “stationary” satellites for equatorial orbits of 22,000-mile 
altitudes ; (0) the development of suitable onboard detection equipment, including 
television, infrared detectors, radar, and spectroscope; and (c) the develop- 
rao tn adequate data storage, handling and communications equipment, and 

niques. 
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The long-range objective is to develop the principles of a system of instrumenteg 
orbiting satellites and communications network by means of which worldwide 
meteorological information may be transmitted to the National Meteorologica} 
Center of the Weather Bureau for its operational use. 


NASA METEOROLOGICAL SATELLITE FLIGHT SCHEDULE 


The Tiros series of meteorological satellite launches will take place during this 
year—one during the first quarter and one during the third quarter. The gata. 
lites in this series will be spin stabilized and so will have a fixed orientation jp 
space. They will be launched in an inclined orbit, thus further limiting their 
coverage to the area between two latitudes (50° N. and 50° S.). The basic instry. 
mentation will be a vidicon television system by means of which cloud cover infop. 
mation will be viewed and transmitted back to a read-out station. In Tiros I], 
infrared radiation sensors will also be included. 

Following the termination of the Tiros series in the summer of 1960, there 
will begin a 5-year program in the Nimbus series of meteorological satellites, 
This will be a family of satellites with many common components (data storage, 
controls, orientation, stabilization, data transmission, structure, etc.) and a 
flexible capability for improving old and introducing new sensory systems, ag 
required. Additional details of the Nimbus satellites are discussed below, 

Launchings will be twice a year in a 600-mile polar orbit using Thor Agena BR 
vehicles. Nimbus I is planned to be launched during the third quarter of ealen. 
dar year 1961 with each succeeding satellite following 6 months later. 


PROGRAM OBJECTIVES IN FISCAL YEAR 1961 


Early in fiscal year 1961, the second of the first generation meteorological 
satellites (Tiros II) will be launched. The cloud cover and radiation data from 
the Tiros series will be analyzed and correlated with the more standard meteor. 
ological observations. These studies will then provide the most complete descrip- 
tion of global atmospheric events available to date. In addition, techniques of 
data interpretation will be developed for use in subsequent satellite experiments, 
Implications relative to improved weather forecasting will be pursued. 

Experience with the development of the Tiros series of satellites has suggested 
the course of the next generation of meteorological satellites—the Nimbus 
series. The Nimbus series will have advanced sensor equipment for the viewing 
of cloud cover and the measuring of infrared radiation. In addition, Nimbus 
will have two features badly lacking in the Tiros series. Nimbus will always 
face the earth (earth stabilized) and will thus eliminate the undesirable feature 
of Tiros of frequently looking out into space (space stabilized). The availability 
of the Pacific Missile Range during 1961 for the Nimbus launch will make a 
polar orbit possible. Thus, Nimbus will be able to view the atmosphere over the 
entire globe and will provide a much greater coverage of the globe than Tiros 
whose view was limited essentially to the area between 50° north and 50° south 
latitude. 

Together with the metorological analysis of the Tiros satellite data, the prime 
objective in fiscal year 1961 of the meteorological satellite program is to develop 
the necessary satellite and vehicle in preparation for a launch of Nimbus I in 
the summer of 1961. 

Improvements in future satellites of the Nimbus series will be sought through 
the continuance of an aggressive program in the development of advanced instru- 
mentation. As the improvements are perfected they will be made part of the 
flight program. 

NIMBUS I—LAUNCH VEHICLE 


The launch vehicle for the Nimbus series will be the Thor Agena B. It is 
a two-stage vehicle in which the first stage consists of a production Thor with 
the nose cone and guidance unit removed. The first-stage propellants are liquid 
oxygen and RP-1 (kerosene-like) fuel. The second stage consists of an Agena B 
vehicle. The Agena B is an improved version of what was previously designated 
as the Hustler stage. It is powered by a 15,000-pound thrust engine which uses 
storable rocket propellants—IRFNA and UDMH. 

In the Nimbus I launch, the Thor Agenda B will lift a 650-pound payload 
to an altitude of 600 miles. The orbit will be circular and inclined approximately 
80°, slightly retrograde, so that the plane of the orbit always includes the 
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earth-sun line. By proper choice of launch time, the satellite will always pass 
over chosen areas at local noon. 
In fiscal year 1961 $5,700,000 are indicated for the acquisition and launch of 
pooster vehicles. This money will partially fund two basic Thors and two basic 
na B’s. However, only one launch needs to be funded during this fiscal year. 
The Tiros I vehicle (Thor Able) was funded by the DOD during the period 
of inception of the program in that agency. The Tiros II vehicle (Thor Delta) 
was funded under the Delta vehicle development program. Consequently, no 
pooster vehicle costs are indicated in the meteorological satellite program in 
fiscal year 1959 and fiscal year 1960. 


NIMBUS I-—THE SATELLITE 


The Nimbus satellite will be separated from the Agena stage upon injection 
into orbit. Its weight will be 650 pounds and its life expectancy from 3 to 6 
months. It will consist of three subsystems—power, stabilization, sensory. 

The power subsystem will consist of two paddle-like structures covered with 
solar cells and arranged to face the sun directly, whenever the satellite is in 
the sunlight. Nickel-cadmium storage batteries will be used for power storage. 
The average power input of the power subsystem will be 200 watts per orbit. 

The stabilization subsystem will keep the satellite pointing directly at the 
earth with an accuracy of 1 degree in all three axes—roll, pitch, and yaw. The 
perturbation rates will not exceed 0.1° per second in any of the axes. Pneumatic 
jets will provide the coarse control and inertia wheels, the fine control. 

The sensory subsystem will consist of (1) an improved TV vidicon subsystem 
to provide almost complete coverage of the globe, (2) an electrostatic tape 
subsystem to permit higher resolution studies of specific meteorological events, 
such as hurricanes, (3) a comprehensive infrared radiation subsystem con- 
taining (a) high resolution (5-mile) sensors for coarse nighttime cloud cover 
representation (b) medium resolution (30-mile) sensors for atmospheric and 
terrestrial radiation measurements and (c) low resolution (300-mile) sensors 
for gross measurements of the earth-atmosphere heat balance and (4) auxil- 
iary measurements of importance to meteorology: measurements of the solar 
constant, solar ultraviolet radiation, and solar microwave radiation. 

To complete the Tiros II payload program and develop the Nimbus payload 
will require an estimated $9,200,000 in fiscal year 1961. This, on the surface, 
seems to be a very large increase over the Tiros effort as indicated in the fiscal 
year 1959 and fiscal year 1960 figures. However, not shown is $7,977,000 pro- 
vided by ARPA in fiscal year 1959 for the Tiros payload development either 
directly to the contractor or through NASA following the transfer of the pro- 
gram from the DOD to NASA. 


DEVELOPMENT OF ADVANCED INSTRUMENTATION 


NASA is maintaing an active instrument development program to improve the 
performance and reliability of existing flight instruments and for developing 
new instrumentation to provide additional meteorological data not yet available. 
Existing electronic components and systems will be improved and development 
will continue on infrared radiation scanning detectors and direct radiation 
sensors, 

Among the new kinds of instrumentation, development will proceed with sat- 
ellite radar for measuring precipitation, image orthicon TV systems for day 
and night cloud cover picture taking, and a satellite spectrometer for the fine 
resolution measurements of certain radiation intervals. The evaluation and 
testing of new horizon detectors, gyro controls, torque controls and reaction 
jets to afford stabilization and control for the new generation of satellites will 
be pursued aggressively. 

For fiscal year 1961, $4,400,000 are requested for the development of advanced 
instrumentation. This is an increase of about one-third over the expenditures in 
fiscal year 1960 in this area. The major increase in activity in fiscal year 1961 
over fiscal year 1960 in advanced instrumentation is essentially in the develop- 
ment of the proper kind of attitude stabilization which is indispensable to the 
‘Satisfactory performance of the Nimbus satellite. 
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BASIC RESEARCH 


Concurrent with the flight development program and the acquisition of 
meteorological information, NASA will support research in the more funda. 
mental aspects of the overall problem of utilizing satellites for meteorological 
purposes. This includes— 

(1) the study of satellite simulated data from other sources, e.g., rocket 
probes, aircraft reconnaissance, and standard meteorological observation 
sources ; 

(2) studies of basic atmospheric physics related to possible satellite 
instrumentation ; 

(3) basic radiation studies including the interpretation of balloon-flowy 
radiation sensors ; 

(4) investigation of systems for simplifying the presentation of data; 

(5) studies for reducing the amount of information transmitted by the 
satellite by providing on-board analysis. 

The funding required to conduct this research program in fiscal year 19@} 
is $1,400,000 which is essentially at the same level of effort as in fiscal year 199, 


SUMMARY COMMENT 


NASA considers its meterological satellite research and development program 
a serious and practical effort to produce the basis for a meteorological system 
that will have significant influence on the Nation’s agriculture, commerce, trang. 
portation, communications, and military activities. 

The funds requested have been limited by a consideration of the best use 
of the present manpower, technological development, and government and indus. 
trial resources in this area of national endeavor. A reduction in the requested 
funding level would seriously hamper the logical development of this carefully 
integrated program by reducing the university, industry, and Government re 
search basis and by slowing the development of flight hardware and vehicles, 
This will produce a stretchout of the flight program that can only result in the 
delay of the applications of these initial efforts to the creation of an operational 
meteorological system of wide national benefit. 


LUNAR AND PLANETARY PROGRAM 


Perhaps no area of man’s conquest of space captures the imagination so much 
as does the exploration of our near neighbors in the solar system. The enthusi- 
astic reception by the world at large of the successful Soviet lunar flights 
emphasizes thist fact. These same people wait and watch to see if the United 
States has the scientific curiosity, the technical excellence, and the national 
vigor to match these efforts. 

The NASA has established a sound program for the exploration of the Moon, 
Mars and Venus which is designed to provide leadership in acquiring scientific 
knowledge about these bodies. The program is far from an extravagant one. 
Rather, it is soberly conceived to exploit an orderly evolution of launching 
vehicles, spacecraft, and scientific payloads to the achievement of several selected 
goals. Within the next half decade these goals may be simply illustrated by 
their related missions, which are— 

1960, Interplanetary probes. 

1960, Lunar orbiters. 

1961-62, Lunar impacts (reconnaissance). 
1962, Planetary probes to Mars and Venus. 
1963-64, Lunar soft landings. 

1965, Planetary orbiters to Mars and Venus. 
1965, Lunar soft landing with mobile vehicle. 

The scientific objectives of these missions are no less exciting than the spec- 
tacular flights themselves. As our nearest major body in the solar system, 
unchanged by winds and rain in the several billion years of its, and the Earth's 
existence, the Moon offers unique opportunities for a better understanding of 
the solar system. On Mars and Venus we can look forward to the possibility 
of some form of life, the discovery of which could prove far more than a scientific 
curiosity. What scientific finds actually await us we can only speculate. If we 
knew the answer to this question the program would lose its meaning. 
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Just as the planned missions constitute an orderly sequence of technological 
and scientific development, so do they lay the groundwork for the more difficult 
missions to follow. The program is now in its formative stages. The fiscal year 
1961 budget request is minimal in that it provides for a minimum of backup 
flights and eontains no funds for contingencies. Failure to support it at this 

int must be recognized as jeopardizing the entire national posture in this 
most important area. 

The actual programed flight schedule, which presumes acceptance of the fiscal 
year 1961 budget and which must be considered tentative beyond 1962, is shown 


below : 


Mission 1960 1961 1962 1963 1964 1965 
Test 
mar AS AG AG) Ag AQ’)... 
Planetary orbiter. 8s 


Key: T=Thor Able or Delta, A= Atlas Able, Ag=Atlas Agena B, C=Centaur, and S=Saturn, 


This mission schedule has been developed in accord with the following 

inciples. 
ay Select the most important goals and pursue them with determination. 

2. Establish an evolutionary sequence of missions where each step paves the 
way for the more difficult phase to follow and which makes full use of increased 
technological capability as it becomes available. 


LUNAR MISSIONS 


Consider first the lunar missions. These missions are clearly oriented toward 
the achievement of controlled lunar landings. It is the feeling of the NASA 
that this approach will yield the maximum scientific results and will pave the 
way for more ambitious manned lunar missions at some later date. The series 
begins with two attempts to place an instrumented payload in orbit about the 
Moon using the Atlas-Able booster. These missions represent our best current 
capability and are, in fact, the third and fourth attempts at this mission follow- 
ing two failures in 1959. 

These missions utilize a spin stabilized payload with rudimentary but effective 
mideourse guidance, without which the mission could not be accomplished at this 
time. The payload contains a variety of radiation detection experiments to make 
measurements in the lunar environment. As an “anchored” space station away 
from the Earth’s influence, the payload assumes additional importance when 
its long-term measurements are compared with related measurements in the 
vicinity of the Earth. 

In 1961 the NASA will begin the second phase of the lunar program. The 
Atlas-Agena B will be used to launch a new spacecraft to achieve a controlled 
lunar impact with survivable equipment. 

It now becomes necessary to understand what is meant by the term “space- 
craft.” A spacecraft is a vehicle designed to fly through space carrying a 
useful payload and maneuvering as required to maintain the desired course and 
orientation. In earlier days the scientific payload and telementry equipment 
were packaged into a structure which was little more than a can and which 
either tumbled freely or was spin stabilized. In contrast, the soft landing lunar 
spaceship of the future may be likened to a fighter aircraft in complexity and 
cost. This is readily understandable when one considers that this remote descent 
to the lunar surface is without benefit of an atmosphere and that the total 
deceleration and landing is dependent on rocket braking and appropriate elec- 
tronic sensing equipment to guide and control this braking. 

Returning to the sequence of Agena B launchings, the firsttwo in April and July 
of 1961 will actually not be directed toward the Moon but rather into orbit about 
the Sun to test vital spacecraft components and at the same time conduct 
selected scientific experiments. By October or November of 1961 the first of three 
attempts at the complete lunar mission will be ready. The spacecraft for this 


of 
nda- 
gical 
Cket 
ition 
Llite 
the 
961 
‘am 
fem 
use 
us- 
ted 
ly 
les, 
the | 
nal 
ch 
gj. 
its 
ed 
al 
n, 
ic 
| 
g | 
d 
; | 


178 1961 NASA AUTHORIZATION 


mission is being developed by the Jet Propulsion Laboratory and will consist of 
two sections. The main section will contain guidance and control, telemetry 
and propulsion equipment which will make it possible to impact the Moon within 
a predetermined area and with attitude control during the entire flight, 
addition to carrying scientific instruments for measurements in cislunar gpa 
this section of the payload will carry a television camera capable of transmit 
during the final moments of flight pictures of the impact area having optica) 
resolutions of less than 10 feet. The spacecraft is also being designed to carry 
a capsule which will be slowed by a retro-rocket from about 8,000 feet 
second so that its impact velocity will be less than 500 feet per second, Sur. 
vivable equipment within the capsule may include instrumentation to study the 
lunar surface consistency, structure, and temperature. 

In 1963 the availability of the powerful Centaur should make possible the first 
true lunar soft landing of a spacecraft carrying television, a seismograph, 9 
spectrometer, and radiation detection devices among other relatively fragile 
scientific instruments to observe and analyze the lunar surface and subsurface 
properties. Telemetry and an electric power supply must also be included jp 
the same 600 pounds of structure and equipment which can be deposited relg. 
tively gently on the lunar landscape. The television reconnaissance of the 
terrain obtained in the preceding Agena series should facilitate the design of the 
Centaur spacecraft landing structure, for example, must we contend with boulders 
and crevasses. A long life span is predicted for this spacecraft since we wij 
want to conduct spot investigations of relatively many lunar areas over a period 
of years. 

ihe Saturn soft landing spacecraft will be required for those areas of the 
Moon which we want to explore intensively, either for purely scientific reasons 
or to lay the groundwork for manned landings. This spacecraft will weigh at 
least several times that of the Centaur. This vehicle, planned for 1965 with 
8-to 4-year leadtime for development, is planned to be self-powered for mobility 
over the lunar surface. By this technique the actual area which may be explored 
and sampled will increase manyfold. Here again, television will play a key 
role in this remote exploration. 


PLANETARY AND INTERPLANETARY MISSIONS 


Turning now to the planetary and interplanetary missions, a Thor Able and 
a Thor Delta will be launched this year to obtain scientific measurements of 
magentic fields and of particle and electromagnetic radiation fields deep into 
interplanetary space. Our first capability of launching probes into the vicinity 
of Mars and Venus will come in 1962 when it is planned to use the Centaur 
launch vehicle and a variation of the JPL spacecraft designed for use on the 
Atlas-Agena lunar missions. These planetary probes are designed to pass close 
enough to the planets to permit critical scientific measurements to be made and 
transmitted back to Earth. Television and/or spectrographic observations are 
among the most exciting possibilities, although difficult to achieve due to guid- 
ance problems and uncertainties in the position of the planets. 

In 1964 another favorable opportunity to fire at Venus will occur. This flight 
will probably be used to test stellar navigation equipment planned for operational 
use aboard the Mars and Venus orbiting spacecraft scheduled for launch with 
the Saturn in 1965. These latter spacecraft will weigh several thousand pounds 
and are conceived as ejecting instrumented capsules to penetrate the atmosphere 
of the two planets. The possible returns from such sophisticated techniques are 
fascinating to contemplate. 


BUDGET CONSIDERATIONS 


It is not necessary to project beyond 1965 in consideration of the fiscal year 
1961 budget. Lead times are such that only relatively small amounts of the 
requested funds will be applied to the most distant missions discussed. The $4 
million requested by the NASA for lunar and planetary exploration is planned 
for obligation as follows. 


Advanced technical development, $9,000,000 


These funds will be partially expended for research and development of sti- 
entific experiments for potential use on the advanced flight missions described 
above. The balance will be used to acquire instruments for the five Atlas-Agema 
lunar missions and the first two Centaur planetary missions. The approximate 
breakdown is as follows: 


| 
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1. Scientific research and development (some 20 separate projects), $2,000,000. 
2, Development and procurement of flight experiments, $7,000,000. 


Flight research program, $36,000,000 


These funds will be used for the following areas: 

(a) Incremental payment on Atlas-Agena vehicle. 

(b) Completion of lunar orbiter projects. 

(c) Develop and construct spacecraft for the lunar impact and planetary 

robe missions including spares for test purposes. Some funds from fiscal year 
1962 will be required to complete this work. 

(d) Develop, procure, and operate special ground equipment in support of 
these spacecraft. 

(e) Research and development on spacecraft technology applicable to ad- 
yanced missions scheduled beyond 1962. (In this regard, approximately $17 
million of the navigation, guidance, and control funds listed under vehicle sys- 
tems technology will be applied in fiscal year 1961 to systems development for the 
lunar soft landing vehicle for the Centaur and, to a lesser extent, the Saturn.) 

The approximate breakdown by technological category is as follows: 


Atlas-Agena incremental payment-_-_.._-------_.____________ $9, 500, 000 
Completion of lunar orbiter projects______-__________--___________ 3, 500, 000 
Trajectory calculations and mission studies___...........-_________ 1, 500, 000 
Technical documentation 600, 000 
Communications 5,200, 000 
and control 3, 000, 000 
Payload integration and environmental test_______________________ 4, 000, 000 


Survivable capsule development and procurement__________________ 2, 500, 000 


EXPLANATION FOR MAJoR REPAIRS AND ALTERATIONS 
(Fiscal Year 1961 Estimates) 


The following paragraphs contain descriptive material on some of the “Major 
repairs and alterations” items for the Langley, Ames, and Lewis research centers. 


LANGLEY RESEARCH CENTER 


Modifications to equipment to develop instrumentation for interplanetary orbiting 
vehicles, $75,000 


These modifications are required to conduct research on requirements, tech- 
niques, and components needed to stabilize and orient satellites or other space 
vehicles and their components, such as antennas and solar collectors. Two ver- 
tical rocket firings are planned using infrared techniques. 


Improvements to radar equipment for detecting objects during atmospheric 
reentry, $100,000 
These modifications are required to provide research tools for studies of de- 
tection, discrimination and accurate tracking of both satellites and reentry ve- 
hicles. This research is of a general nature but may have direct application to 
the ballistic missile defense problem. 


Installation of equipment for developing airborne detectors for guidance of in- 
terceptor missiles, $100,000 
Instrumentation must be developed having greater accuracy, economy of power, 
and less weight for such missions as rendezvous of spacecraft and putting satel- 
lites into lunar and other planetary orbits. The equipment will be used also to 
study various guidance and navigation techniques. 


Modifications to equipment to provide measuring devices for reentry heating and 
thermal radiation, $152,000 


These modifications will permit the study of the transmission, reflectivity, and 
absorption of various materials, coatings and structures over a wide spectrum of 
radiation wavelengths from ultraviolet to infrared. Such measurements are- 
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required in determining the behavior in a radiation environment of radiators, 
solar collectors, and the structure of the vehicle. 


Installation of equipment for heat transfer ablation studies, $120,000 
This equipment will allow studies of heat transfer and ablation cooling eom. 
bined with gas ejection cooling over space vehicle bodies. The study of such 
techniques is necessary to provide heat protection systems for reentry Vehicles 
such as Dynasoar. 
AMES RESEARCH CENTER 


Installation of a high-pressure air and helium distribution system, $128,000 

This system will connect six wind tunnels to an existing 3,000 per square inch 
air and helium supply so that only one unit of equipment and personnel can pro. 
vide the required service. In addition, the helium will be reprocessed and reuseq 
where previously it was wasted to the atmosphere. 


Modification of hypervelocity ballistic range to increase test capabilities, $175,009 

This modification will provide increased altitude simulation by a factor of 190~ 
(to .0001 atmospheres)—and a flash X-ray system to study the basic physics 
of meteorite impact. Initially, the facility was used to study aerodynamic heat. 
ing, however, its size and speed are well suited to other problems of immediate 
concern. 


Alterations to airplane hangar No. 2 to provide heating facilities, $85,000 

The hangar was built in 1944 without heating facilities according to War Pro. 
duction Board specifications. Maintenance was provided by moving the air. 
planes to a heated hangar; however, the heated hangar has been converted to 
other research uses such as for simulation and centrifuge equipment. Heated 
space must be provided for maintenance and checkout of the aircraft and the 
on-board electronic equipment. 


LEWIS RESEARCH CENTER 


Installation of combustion tunnel for studies on solid propellants, $70,000 

Little is known about the effects of steady-state and oscillatory aerodynamic 
forces on the combustion behavior of solid propellants such as used in Minute 
man and Polaris. This equipment will permit ground studies of the effect of 
controlled oscillations and steady-state forces on the combustion process, thereby 
leading to engineering solutions to burn-out and reliability problems. 


Alterations to 10-foot supersonic tunnel for research on problems of takeoff and 
landing of rocket-powered vehicles, $35,000 
The landing and take-off of rocket-powered vehicles from the Moon or the 
planets Mars and Venus will cause problems due to the ground reflection and 
engulfing of the vehicle by the exhaust gases. A low-pressure environment is 
needed to study jet reflection and recirculation effects. The 10-foot tunnel can 
be easily modified to provide this environment. 


Installation of equipment for liquid propellants pressurization research, $40,000 


Rocket engine reliability may be improved by substituting a pressure fed sys- 
tem for a complex turbopump to drive the propellants. Equipment to produce 
the gas pressure and to determine its effects on the propellant system weight and 
performance is needed. 


Modification to test rig for research on gas generator and heat exchanger systems 
for space vehicles, $80,000 
Present equipment for these critical studies does not have sufficient flow 
capacity. Modifications to increase the flow capacity to more realistic rates and 
to handle propellants other than liquid oxygen and liquid hydrogen are planned. 


Modification of equipment for research on liquid oxygen-liquid hydrogen flow 
systems, $60,000 
Equipment is planned for ground studies of complete flow system including 
tanks, controls, and nozzles. One of the objectives of these studies is to obtain 
correlations for the scaling up of data from small rocket systems to be applica- 
ble to large rocket systems, 
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Installation of test facility for studies on scale effects of liquid hydrogen fuel 
tanks, $70,000 
Current tank material research studies employ 6-inch diameter tanks. Tensile 
test correlation for 30-inch diameter tanks are needed to insure the research 
results are applicable to full-scale missiles. 


EXPLANATION FOR NEW EQUIPMENT NEEDS 
(Fiscal Year 1961 Estimates) 
LANGLEY RESEARCH CENTER 


The Langley Center is conducting a large program on the reentry of orbiting 
and space vehicles with particular emphasis on structural resistance to flutter 
and high temperature, means for vehicle detection and tracking, and vehicle 
stabilization and control. Some of this work can be done in ground facilities and 
some must be conducted with small-scale, rocket-powered models. In regard to 
the latter, the present telemetering load will be taken over by long range radar 
equipment within the next 5 years. Another requirement is for metal fabrica- 
tion equipment to make models from the high temperature alloys needed to with- 
stand the high structural temperatures encountered in reentry. 

A table giving several examples of scientific and research equipment and ma- 
chine tools and its cost is listed below: 


Radiant heater and controls for unitary plan tunnel for flutter studies 


Equipment and instrumentation for research on space vehicle design 
and construction using rocket-launched models_____-___-_________ 200, 000 


Machine tools for stretch forming of superalloys into complex shapes 
without damaging the metal_______________ een 


AMES RESEARCH CENTER 


This center is particularly concerned with fundamental studies of reentry into 
the Earth’s atmosphere at high velocities (36,000 feet per second) and the stabi- 
lization and control of space vehicles. All of the new equipment is for the newer 
fields of research relating directly to these two fields. Equipment for determin- 
ing the fundamental properties of air, the erosion characteristics of materials, 
and an airborne digital coniputer are needed. 

The following table lists several examples of scientific and research equip- 
ment and its cost: 


Equipment for measuring the physical properties at very high tempera- 

tures of gases and gaseous mixtures which may be found in 

Microminiature telemetering equipment to improve the accuracy of 

heat transfer and pressure data obtained from ballistic ranges and 

the supersonic free-flight tunnel (telemeter circuitry is now available 


which can be placed into models measuring only 0.5 by 0.25 inch)__. 90, 000 
Airborne digital computer equipment for investigations of control and 


Installation of equipment to simulate the interactions of protons in 
space with the Earth’s atmosphere (studies with this equipment 
should be of assistance in interpreting the results obtained from 
Satellite and space probe experiments) 60, 000 


LEWIS RESEARCH CENTER 


This center is conducting the major portion of NASA advanced research on 
space propulsion and electrical power generation methods. Equipment is needed 
to simulate the effects of fluids on the space environment under conditions of 
zero gravity, high radiation, and very low temperatures. Models are required 
for small-scale studies of stage separation, the recovery of large and costly 
boosters, so they may be reused, Moon landing propulsion systems, and vehicle 
attitude control problems. Experimental electrical rocket components such as 
ion sources, accelerator grids, and AC and DC power supplies are needed to 
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continue the research program started several years ago. Scientific equipment 
is needed for nuclear systems research for use at the Plumbrook Reactor Fy. 
aility. Equipment for controlled atmosphere welding of high temperature alloys 
such as tungsten, tantalum, and molybdenum is desired. 

The following table lists several examples of scientific and research equipment 
and its cost: 


Small-scale models and model positioning equipment for studies of 

Equipment for laboratory tests of a small but complete hydrogen- 

fluorine rocket engine system capable of restarts without refueling 

(such systems are required for very long duration space missions) __ 240, 000 
Equipment for research on liquid fueled rocket engines consisting of 

thrust chambers and their major parts—injector, combustion cham- 

Installation of a gimbaled mount in the attitude wind tunnel for tests 

of control systems of large boosters (no major modifications to the 

wind tunnel are required) ~-------------.---------—--~----..--.... 200, 000 
Installation of equipment studying storable liquid propellant and rocket 

engine systems in zero gravity conditions (an AJ-—2 airplane has been 

provided by the Navy for the zero gravity flights) --- 210,000 
‘Components for ion and plasma rocket engines__-_ 150, 000 
Measurement and analysis equipment for use with ion and plasma 

rocket engine research (test times for this research are extremely 

short, but each test requires a long setup time; consequently, it is de- 

sirable to obtain the maximum amount of data from each test) —~___ 35, 000 


FLIGHT RESEARCH CENTER 


This center is primarily concerned with the research that must be conducted 
with flight vehicles. Of particular importance is the need for high speed, air- 
borne recording equipment and the supporting ground equipment for analyzing 
the data. 

The following table lists several examples of scientific and research equipment 
-and its cost: 


Installation of analog computer equipment for studies of control prob- 

lems of boost-glide and other reentry spacecraft____________-______ , 000 
Equipment for very accurate presentation of flight condition data to 

the pilots of high performance aircraft used for research purposes... 18, 000 


EXPLANATION FOR RECURRING EQUIPMENT NEEDS 


(Fiscal year 1961 estimates) 
LANGLEY RESEARCH CENTER 


This center is heavily engaged in research and development work using rocket- 
‘propelled models which experience speeds in excess of 20,000 feet per second and 
temperatures to above 15,000° F. The indicating and recording equipment must 
‘have greater speed and ranges of sensitivity and accuracy than that which is suit- 
able for aircraft-type research. In order to obtain the maximum amount of data 
from a single rocket firing, more capacity and greater ranges for telemetering 
units must be obtained, necessitating procurement of even more miniaturized and 
powerful units. A large increase in electrical and electronic equipment is neces- 
sary for the large and complicated research payloads which are planned for use 
with the Scout rocket. The equipment will be used in studies of inflation of 
flexible reentry vehicles, attitude orientation, determination of temperature and 
tracking of spacecraft, and determination of the best methods of returning people 
and cargo to the Earth from orbiting or planetary missions. Operating and test- 
ing equipment primarily involves equipment for testing the performance and 
reliability of contractor-furnished equipment to be used in the world-wide tracking 
network for which this center has prime responsibility. 
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The following table gives some examples of this equipment and its cost: 


Indicating and recording equipment : 
Electrical and electronic: 


Force, torque, and vibration instruments $12, 000 
Oscillographs and related amplifiers 50, 000 
Pitot and flow direction sensors 110, 000 
Potentiometers and other meters 120, 000 
Temperature measuring equipment 25, 000 
Mechanical and hydraulic: 
Pressure pickups and transmitters__ 175, 000 
Position and angle measuring equipment. 20, 000 
45, 000 
Photographic and optical: 
X-ray machine and associated equipment 20, 000 
Schlieren optical equipment____________ 8, 500 


Operating and testing equipment : 
Electrical and electronic: 


28, 000 
Gyroscopes 12, 000 
Radar beacon test equipment____________ 32, 000 
Mechanical and hydraulic: Hydraulic jacks______ A 1, 000 


Photographic and optical: Interference filters (spectography)_... 3, 500 


AMES RESEARCH CENTER 


This center operates several unique ground facilities which can produce speeds 
up to 36,000 feet per second for studies of the basic phenomena of ionization, heat 
transfer, meteorite damage, and reentry physics in general. Photographic equip- 
ment with very high speeds is required—movie cameras with speeds of between 
1% million to 2 million frames per second. Pressure transducers which have 
very large ranges of sensitivity and which can operate over a large temperature 
range are required for this type research, 

The following table gives some examples of this equipment and its cost: 


Indicating and recording equipment : 
Electrical and electronic : 


iIndieating meters.and recorders... 20, 000 
Mechanical and hydraulic: 
Photographic and optical : 


Electrical and electronic: 


1, 000 
Mechanical and hydraulic: 

Balance and weights_____________ 2, 000 

Pressure regulators 1, 000 
Photographic and optical : 

3, 400 


Microscope 


| 
0 
00 
ir- 
ng 
nt 
. 
| 
at. 
nd 
Operating and testing equipment: 
ta 
ng 
nd 
| 
of 
nd 
ile 
st- 
nd 
ng 


184 1961 NASA AUTHORIZATION 


LEWIS RESEARCH CENTER 


This center is engaged in rocket propulsion research wherein very high exhaust 
temperatures and very low propellant and tank temperatures are experienced, 
It is engaged also in ion and plasma propulsion research wherein large amounts 
of electrical power occupying a very small space is required. In addition, this 
center will be operating a nuclear reactor wherein components of space Dro- 
pulsion systems will be investigated. Temperature, pressure, radiation ang 
electric current sensing instruments which must operate with better accuracies 
than those now in use at 350° below zero in the presence of nuclear radiation 
are required. In addition, pumps and valves are required which must handle 
liquid hydrogen, nitrogen, and liquid metals, and the highly reactive fuels ang 
oxidizers used in liquid fueled rockets. 

The following table gives some examples of this equipment and its cost: 


Indicating and recording equipment : 
Electrical and electronic: 


Temperature measuring and control instruments $5, 200 
Current and voltage measuring instruments - 3,800 
Flowmeters and transmitters__- 14, 000 
Radiation detection instruments — 6, 000 
Noise measuring instruments..............-......~-.-~~...... 8, 200 
Mechanical and hydraulic: 
Pressure pickups and transmitters 33, 000 
Pressure gauges and regulators 11, 70 
Photographie and optical: 
Optical pyrometers 2, 500 
Operating and testing equipment: 
Electrical and electronic : 
Starters and switches_ 5, 800 
Transformers 5, 500 
2,10 
Motors and generators 2,500 | 
Mechanical and hydraulic: 
Powder metallurgy equipment 2, 600 
Photographic and optical : 
Cameras and accessories 8, 700 


FLIGHT RESEARCH CENTER 


This center will be heavily involved in the X-—15 research airplane program 
in addition to other programs involving the operation of high performance air- 
planes. Fast recording, lightweight airborne instruments for pressure, temper- 
ature, and pilot’s physical condition will be required. In addition, electronic 
simulator equipment will be required for preparing the pilots for the unusual 
flight conditions they will encounter at speeds of 4,000 miles per hour and alti- 
tudes up to 250,000 feet. 

The following table gives some examples of this equipment and its cost: 


Indicating and recording equipment: 
Electrical and electronic : 


$15, 000 

Temperature gauges sa 15, 000 
Mechanical and hydraulic: 

Gyroscopes 3, 000 

Hydraulic valves and plumbing ~ ane 3, 000 
Photographic and optical: Cameras 5 6, 000 


Operating and testing equipment: 
Electrical and electronic: 
TV components for ground simulator Hr 4, 000 
Photographic and optical: Cameras 6, 000 
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THURSDAY, FEBRUARY 18, 1960 


Hovuse or REPRESENTATIVES, 
COMMITTEE ON SCIENCE AND ASTRONAUTICS, 
SuscomMitree No. 3, 
Washington, D.C. 


The subcommittee met at 2 p.m., Hon, David S. King presiding. 

Mr. Kina. Let the record show that Subcommittee No. 3 of the 
Committee on Science and Astronautics is called to order for the 
purpose of receiving testimony and giving consideration to the 
salaries and expenses portion of the proposed NASA budget for fiscal 
1961, and other related matters. 

The subcommittee has as its witnesses this afternoon, and we wel- 
come you here and appreciate your attendance, Wesley L. Hjornevik, 
also Ralph E. Ulmer, Budget Officer, who has been with us before, 
Dr. Newell, who has been with us before, and Richard V. Rhode, who 
has also been with us and gave some excellent testimony last Monday, 
as I recall. 

Mr. Hjornevik, would you like to proceed with your statement ? 

Mr. Hsornevix. Yes, Mr. Chairman. 

(Discussion off the record.) 


STATEMENT OF WESLEY L. HJORNEVIK, DEPUTY DIRECTOR, 
OFFICE OF BUSINESS ADMINISTRATION; ACCOMPANIED BY 
RALPH E. ULMER, BUDGET OFFICER, NATIONAL AERONAUTICS 
AND SPACE ADMINISTRATION 


Mr. Hsornevix. Mr. Chairman, the salaries and expenses appro- 
priation Fades for the cost of salaries and certain operating ex- 
penses of the field and headquarters establishments of the National 
Aeronautics and Space Administration. 

The estimates provide for a headquarters complement of 683 people, 
a field complement of 15,690. Of this complement, 7,812 are proposed 
for the four aeronautical and space research centers, that is the 
Langley, Ames, and Lewis Centers, and the Flight Research Center; 
the estimates propose that the employment levels for these particular 
centers be maintained at the current 1960 level. 

An additional 7,800 employees are proposed for the space flight 
development centers, 2,000 of these at the Goddard Space Flight 
Center, currently under construction out near Beltsville, 300 at the 
Wallops Station, and 5,500 at the Huntsville Center which is proposed 
for transfer to NASA from the Army. 
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The remaining 78 employees are located in our western operations 
office at the Atlantic Missile Range and at the Pacific Missile Range, 

The major increases are requested for additional staffing at Goddard 
and Wallops and to cover the cost of the 5,500 __ at the Huntsville 
Center who are reflected in the NASA budget for the first time in 196], 

The major increase in staffing of the organizational units which are 
presently a part of NASA relate to the continued staffing of the God- 
dard Center, for which facilities are currently under construction, 

We propose to increase this center from 1,200 in 1960 to 2,000 jp 
1961. It is anticipated that in subsequent years the staffing of this 
center will continue to increase to in the neighborhood of 2,400 to 
2,500 people. 

This Center, together with the Jet Propulsion Laboratory, operated 
under contract with the California Institute of Technology, constitutes 
the two NASA resources for conceiving, organizing, and managing the 
creation of payloads for NASA’s flight program. 

The Goddard Center is primarily concerned with earth satellites 
and sounding rocket programs, while JPL is concentrating on lunar 
and interplanetary space exploration. 

The total staffing of the NASA Huntsville Center is approximately 
the same capability that Dr. von Braun had available to him under 
Army management. 

The requirements for travel, communication, power, printing, et 
cetera, are generally related to the numbers of people involved in each 
of these centers and to the program requirements that arise out of each 
center. 

Now, we have on a chart over here the same employment figures 
which I have just run through briefly for you and the total dollars 
involved in the S. & E. appropriation for each of them and our total 
request of $170.7 million. 

Mr. Fuuton. Mr. Chairman, at this point, I ask unanimous consent 
that the chart be placed in the record. 

Mr. King. Without objection, it is so ordered. 


NASA fiscal year 1961 budget, salaries and expenses 


Number of 
employees at Requested 

end of year 
NASA Headquarters, Washington, 683 $9, 890, 000 
1, 440 15, 244, 000 
416 3, 679, 000 
Goadard Space Flight Oenter, Md. -...................-..-.............- 2, 000 25, 084, 000 
5, 500 58, 313, 000 


Mr. Beresrorp. Is there such a chart in this budget book ? 

Mr. Utmer. No. We will make a copy available. Page 9 of the 
big book has a similar chart. It shows all 3 years. 

(Discussion off the record.) 
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Mr. Furton. I ask that page 9 of the budget book be furnished for 


the record. 
Mr. ULMER 


Mr. Krve. You requested that it go into the record. 


. It is available to the committee. 


Without objection, it will. 


Summary, salaries and expenses, fiscal year 1961 estimates 


Number of employees at end of fiscal Appropriations 
year 
1959 1960 1961 1959 1960 1961 
actual estimated | estimated actual actual requested 

NASA headquarters.....----- 428 683 683 | $5,538, 860 | $7,549,300 | $9, 890, 000 
Langley Center-..------------ 3, 297 3, 220 3, 220 | 30, 568,970 | 27,445,500 | 29, 295, 000 
1, 478 1, 440 1,440 | 16,299,035 | 14,257,050 | 15,244, 000 
Lewis Center ...-.------------ 2, 783 2, 736 2,736 | 27,215,227 | 24,840,200 | 25, 724, 000 
Flight Center--.-------------- 336 416 416 | 3,154,208 | 3,038,150 | 3,679,000 
Goddard Center-.------------ 782 1,214 2,000 | 2,021,100 | 11,802,270 | 25,084,000 
Wallops Station . ..-.--------- 171 225 300 | 1,356,820 | 1,700, 100 2, 678, 000 
100 227,000 | 58, 313, 000 
aia oaie......---------- 7 32 46 94, 815 338, 930 515, 500 
AMRO Office. --------------- 4 20 26 , 000 201, 500 278, 000 
PMRO Office. 59, 500 
Office... 17, 265 |------------|------------ 

PUA. .2nenon-nonnseces 9, 286 10, 086 16, 373 | 86,286,300 | 91,400,000 | 170, 760,000 


Mr. Futron. One other thing. Why don’t you have a better break- 
down of the kinds of employees? Are you going to do that? 

Mr. Hsornevix. We can provide this, if you wish. 

Mr. Furron. I think you ought to have a better breakdown. You 
see, your maintenance, your supporting employees, a breakdown of 
that. type. 

Mr. tMER. We will be glad to supply that information for the 
record, 

To give you just a very brief picture if I may, approximately 25 per- 
cent of those numbers are what we call research scientists and engi- 
neers. The balance are supporting technical people, supporting wage 
board employees, and administrative employees. 

On an average, about 40 percent of the employees are in the wage 
board category. 

Mr. Futon. If you will submit it for the record that would be a 
good breakdown. 

Mr. Utmer. Surely. 


Distribution of NASA Personnel 
(December 31, 1959) 


Percent 
Supporting technicians_ 16 
Wage board 39 


Mr. Kine. By way of information, have you finished with your 
prepared statement ? 

Mr. Hsornevix. I was about to say just one more thing. 

i Futron. I wanted to get it before we got off this particular 
subdject. 


| | 
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Mr. Bergsrorp. I think it would be well for the subcommittee to 
have an up-to-date list of all NASA positions above GS-15—we diq 
get one about a year ago—including the names and titles of the incum. 
bents and their present rates of compensation. 

Mr. Umer. Mtr. Beresford, this was requested in yesterday after. 
noon’s hearing and presumably will appear in that record. 

Mr. Brresrorp. Do you also have such a list for the ABMA, Deyel- 
opment Operations Division 4 

Mr. Utmer. Yes, sir. 

Mr. Beresrorp. It would be helpful if you could supply that. 

Mr. Utmer. Yes, sir. 


List of positions above GS-15 in the ABMA Development Operations Division 
(February 15, 1960) 


Incumbent Position title Grade Salary 

Von Braun, Wernher_.| Director, Development Operations Division ______......._.__.. Excepted! $19, 000 
Rees, Eberhard F. M_| Deputy Director, Development Operations Division..___....__|...do_..__ 18, 500 
Haeussermann, W___.| Director, Guidance and Control Laboratory 18,000 
Debus, Kurt Director, Missile Firing 18, 000 
Geissler, Ernst D Director, Aeroballistics 18, 000 
Hoelzer, Director, Computation Laboratory 17, 500 
Mrazek, William A_._| Director, Structures and Mechanics Laboratory 18,000 
Stublinger, Ernst Director, Research Projects 18, 000 
Rudolph, Arthur- Project Director, Redstone and 18, 000 
Mueller, Deputy Director, Guidance and Control Laboratory 17, 500 
Maus, Hans H-__-.---- Director, Fabrication and Assembly Engineering Laboratory -_|_..do____. 17, 500 
Neubert, Erich W__._- Director, Systems Analysis and Reliability Laboratory___...__- ee 17, 500 
Hueter, Hans H_______| Director, Systems Support Equipment Laboratory - GS-18.._] 17/500 
Dannenberg, Konrad_| Project Director, GS-17. 15, 615 
Weidner, Hermann K_| Deputy Director, Structures and Mechanics Laboratory 15,615 
Hoberg, Otto A_____-- Chief, Missile Instrumentation Development Branch (Guid- |_..do__.__ 16, 615 

ance and Control Laboratory). 

Gruene, Hans F_----- Deputy Director, Missile Firing Laboratory 15, 375 


Mr. Furron. As a matter of fact, on that end of it, while we are 
getting the charts together, I would show what the ABMA was before 
it came over and then what you are getting and what remains. 

I would even give the personnel transfer figures on that, if you could. 

Mr. Umer. We will be able to give those in estimate form. As you 
know, the actual transfer hasn’t taken place. 

Mr. Fuuron. I realize that. But you are really giving us a pro 
forma of that transfer, what it means ? 

Mr. Utmer. Correct, be glad to. 


Personnel adjustments pursuant to transfer of ABMA Development Operations 


Diwision to NASA 
AOMC To be Transfer Additional 
present retained to recruiting Total 
strength by AOMC NASA by NASA NASA 
(approx.) 
Government employees.-_._.__-_- 4, 200 350 3, 850 1, 300 5, 150 
Contractor employees. 869 519 350 
| ARO eee 5, 333 1, 183 4, 200 1, 300 5, 500 
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Distribution of NASA Huntsville facility personnel 


Transfer 
from De- Additional 
velopment recruiting Total 
Operations by NASA 
Division, 
ABMA 
— 
esearch scientists and engineers... 1, 353 
agony 1, 791 450 2, 241 
Vitaistrative 414 700 1, 114 
4, 200 1, 300 5, 500 


Mr. Futton. Then if you remember, I had asked for what extra slots 


you might need. ; 

Mr. Utmer. That matter is under study by Dr. Glennan at the 
moment. 

Mr. Futron. I think you ought to get those requirements for us. I 
talked yesterday evening with Abe Silverstein and suggested he get 
them up promptly so that we might include them here in the 
authorization. 

Mr. Kine. Would you like to finish ? 

Mr. Hygornevik. With this brief summary, we are prepared to 
answer any questions the committee may have on any part of the 

uirements. 

Mr. Kina. I have a few questions. I know Mr. Fulton has several. 

(Discussion off the record. ) 

Mr. Utmer. We can supply a very broad-brush answer to your ques- 
tion, Mr. Fulton, but, for example, at the research centers, Langley, 
Ames, and Lewis, and the flight center, these people are working on 
literally hundreds of programs and this becomes a very difficult and 
time-consuming task to give you the assignments against each of the 
research authorizations. 

Mr. Futon. I don’t think that is necessary. 

Mr. Utmer. But we can give a broad-brush cut against programs. 

Mr. Futron. I think that is sufficient. 


Analysis of research effort at Langley, Ames, Lewis, and Flight Research 
Centers, fiscal years 1960 and 1961 


| Percent of total effort 


Program | 
| 1960 1961 
Advanced aeronautical research: | 
Aeronautical propulsion technology_...................-...--------_-----| 3.6 3.1 
Aeronautical structures and materials technology.._.._...-..-_.--_------ 10.7 9.3 
Space research: | 
Space structures and materials technology... 15. 5 | 18.3 


to | 
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Mr. Kine. In a few words, could you state what the item 
“Expenses” covers ¢ 

Mr. Uxmer. Mr. King, the item, “Expenses” covers everything jp 
the salaries and expenses appropriation, other than salaries, The 
major items are the “Travel expenses,” the “Rents and utilities” ite 
and the retirement contribution of the agency to the Civil Servieg 
Commission. 

On page 8 we have a breakdown of the items. Of the total of $179. 
760,000 being requested for “Salaries and expenses,” 128.6 million js 
for salaries; 5.8 million for travel; $23.8 million for rents and 
utilities, and this latter account includes the electric power for opera. 
tion of our large wind tunnels and other research facilities, $7.6 mil. 
lion for contributions to the retirement account, and $2.5 million for 
life insurance, health insurance, and security investigations. 

Those are the major items. There are some smaller items involved 
in transportation of household goods and in the printing and repro. 
duction account. 

Mr. Kina. Those are included in expenses ? 

Mr. Uumer. That describes what the word “expenses” means. 

Mr. Kine. Now, on your chart, your items there are on a geo- 
graphical basis, aren’t they ? 

Mr. Utmer. Correct, sir. 

Mr. Kine. Except possibly the last one. 

Mr. Utmer. All of them are on a geographical basis. The last 
item is simply a grouping of several of the smaller offices. 

Mr. Kine. How do you handle those items which are unrelated to 
any geographical area, or are they all related ? 

Mr. Utmer. Each geographical area is involved in nearly every one 
of these expense items. Just as an example, the retirement contribu- 
tion is involved in any area where you have people, because it is 
simply a percentage calculation on the basis of the salary. 

Mr. Kine. What about travel ? 

Mr. User. The travel again is budgeted and controlled on the 
basis of where the people exist, where their official duty station is. 

Mr. Kreg. So that every item which you have denominated salary 
and/or expense can be related to one of the geographical areas 
referred to one the chart ? 

Mr. Utmer. That is generally correct. There may be some excep- 
tions: printing and reproduction, for example. 

Mr. Kine. Now, you have in the first column the number of em- 
ployees. In many cases the present number would not coincide with 
the number indicated. The chart takes into account the anticipated 
expansion of personnel, is that correct ? 

Mr. Utmer. Correct, sir. 

Mr. Hsornevix. The expansion, however, is limited to the Goddard 
Space Flight Center, the Wallops Station and I think a few in the 
various locations. 

Mr. Kine. Do you mean that in the other items that you did not 
just mention there is no anticipated expansion? 

Mr. Hsornevix. That is correct. 

Mr. Kine. The personnel will remain constant through fiscal year 
1961, is that right ? 

Mr. Urmer. That is correct, with this one modification: The Presi- 
dent’s budget document, by virtue of the requirements in preparing 
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that document, will actually show the Huntsville activity as an in- 
crease, simply because the funding for that activity is carried under 
the Department of Defense budget in 1960; we pick it up in 1961. 

So that in the mechanics of preparing the supporting details the 
Huntsville activity does show as an increase for NASA, but in another 
hase of the President’s budget, it shows as a deduction for DOD. 
o in that sense, governmentwise, the 5,500 is not an increase even 
though specifically in our budget it shows as an increase. Do you 
follow me? 

Mr. Kina. I don’t understand your saying it is not an increase. 

Mr. Umer. Governmentwise; it shows as a deduction for DOD, 
and as an increase for NASA which is a net of zero, but in our specific 
section of the President’s budget, we are going from 10,000-some 

ople to 16,373, and the biggest part of that increase is the 5,500 for 
untsville. 

Mr. Kine. Is that indicated on your chart ? 

Mr. Umer. Second line from the bottom, Mr. King, the 5,500 


le. 
eee. Kine. Yes, that is $58 million plus. 

Mr. Utmer. Yes, sir. 

Mr. Krne. Mr. Fulton ? 

Mr. Fuuron. That $58,313,000 is not the total, because there is 
funded under research and development $18,752,000, so the total really 
comes out $77,065,000 ? 

(Discussion off the record. ) 

Mr. Futron. Both sides join in making the request that we have 
the details of the fiscal year 1961 estimates of personal services, analysis 
by location, analysis of positions and costs. 

The fiscal year 1961 estimates on data on personal services with the 
number of employees at the end of the fiscal years 1959, 1960, 1961, 
both actual and/or estimated, and the obligations for personal services 
for the same years. 

We would ask for a summary analysis of personal services with 
statements of authorized end of year employment in the years 1959, 
and 1960, and 1961, also. 

We would like to have set out, especially, the within-grade salary 
advancements, and the new positions and the regular and new position 
lapses, as well as within-grade lapses. 

We would like to have the overtime and holiday pay set out for each 
of these years, as well as the nightwork differential and any items of 
personal services. 

Then we would like on the item of travel, analysis by location and 
analysis by types of travel. 

We would like to have the transportation of supplies, equipments, 
household goods, personal effects, and items of all kinds set out by 
location as well as by types of transportation. 

On communication services we would like to have the fiscal year 
obligations for 1959, fiscal year 1960 and 1961 estimates, with an 
analysis by location and analysis by types of service. 

. Also we would like to have the figure that is funded under the 
Research and development” heading and not within “Salaries and 
expenses.” 

Please supply the committee with the complete analysis of rents 
and utility services, with the analysis divided by location as well as 
by types of rents and services. 
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We would like a definite statement as to what utilities, poms, and 
services are to be supplied by the Department of Army for NASA. 
Huntsville, and please explain shortly, the contract for such types of 
supporting services. 

There should be excluded, by the figure given, anything that js 
funded under “Research and development.” 

One of the items of expense the committee is particularly interested 
in is the rental cost of data reduction equipment. The committee 
requests that this be supplied in total for each of the fiscal years 1959, 
1960, and 1961, and also that it be set out by location, or geographical 
area. 

Please explain to the committee why the fiscal year obligation 
was $19,570 for miscellaneous rentals, while in fiscal year 1960, esti- 
mated, there is an increase to $156,600. 

There should also be an explanation why the estimate for mis. 
cellaneous rentals for the fiscal year 1961 is then reduced to $84,600, 

Mr. Utmer. Would you like me to speak on that now, sir or just 
put it in the record? 

Mr. Fuurron. Just in the record 

Mr. Kine. No, I would like to hear the explanation. 

Mr. Utmer. I do not have all the details, but if I can draw on my 
memory, the increase occurs in two areas, NASA headquarters and 
the western office. The 1960 increase comes about because of the need 
for renting some additional space in both areas. 

In the 1961 budget for the western office this is a continuing need 
and the figure shows at the higher rate for 1961 as well as for 1960, At 
the headquarters office, at the time these estimates were prepared, it 
was our understanding that the rental cost would be mainly absorbed 
by GSA in 1961, and that is the reason there is a reduction. 

I would like to check that, however, and give you all of the facts 
in the record if I may. 


Justification of budget item for “Miscellaneous rentals” 


The item for “Miscellaneous rentals” increases from $19,570 in the fiscal year 
1959 to $156,600 in the fiscal year 1960 chiefly to cover the following three items: 


1. Rental of 2 parcels of land now used by the Jet Propulsion Labora- 
tory which NASA plans to obtain title to in the fiscal year 1961, 


Yearly rental (charged to NASA Headquarters) ~-_._____________ $21, 100 

2. Rental of office space in the District of Columbia for approximately 
3 months (charged to NASA Headquarters) ____________________ 60, 000 

3. Full-year rental of office space for the Western Operations Office, 
Santa Monica, Calif. (charged to western office) __.__.__________ 35, 9538 


The balance of the increase covers greater use of such items as rented motor 
vehicles, equipment, etc. 


In the fiscal year 1961, the first two of the three items listed above will not 
be required, and the fiscal year 1961 estimates are reduced accordingly, as 
offset by some increase in use of rental equipment. 

Mr. Kine. Allright, if you would do that. 

Mr. Fuuron. Shall I just go ahead ? 

Mr. Kine. Yes. 

Mr. Fuuron. The committee would like to have the expenses of 
printing and reproduction analyzed by fiscal year 1959, fiscal year 
1960, and fiscal year 1961, estimates and obligations. This analysis 
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should be supplied by location, as well as by analysis by types of 

When we examine the item, “Other contractual services,” the com- 
mittee finds that the total of all locations is $3,377,802 in 1959. We 
believe that this should be supplied under the headings of each fiscal 
year, 1959, 1960, and fiscal year 1961. We would like to have this sup- 
plied under analysis by location as well as analysis by type of services. 

In the analysis by types of services, we would like to have set out the 
amounts that may ‘be funded under “Research and development” that 
are not included in this particular heading upon which we are having 
thehearing. If you will supply that for informational purposes please. 

The committee would like to have a short description of the Federal 
health program of employees. How about your pensions? Can you 
give us the pensions ? 
~ Mr. Utmer. This comes under object of expenditure 11, Mr. Fulton. 

Mr. Fuiron. Very well. 

On services by other Government agencies, the committee would like 
to have the research services set out, security investigations, as well as 
incidental services. This subcommittee is given the specific jurisdic- 
tion of equipment. 

Mr. Utmer. If I may interrupt, Mr. Fulton, the equipment is en- 
tirely funded under the “Research and development” appropriation. 

Mr. Fvuron. All right. I notice in 1960 and 1961 it is under that. 

Mr. Yes, sir. 

Mr. Futron. But it isn’t in 1959? 

Mr. Umer. In 1959 we were operating with two appropriations, one 
made to the NACA, which was absorbed by NASA, and one made 
toNASA. 

Under the NACA appropriation, all of our items, other than the 
construction of capital items was funded under a single “Salaries and 
expenses” appropriation. At the time the NASA appropriations 
structure was set up, items of equipment and supplies were removed 
and put into the no-year “Research and development” appropriation. 
So in 1959 we had a split situation, where we were operating with two 
appropriations. We are now on the basis of a single NASA appropri- 
ation structure. 

Mr. Furton. With the understanding it is being placed for fiscal 
year 1960 and 1961 under the title of “Research and development,” 
could you give us those figures for comparison with fiscal year 1959? 

Mr. Utmer. Yes, sir. 

Mr. Fuuron. The committee is interested in the calculation of Gov- 
ernment contributions to the retirement fund and the status of the 
payments into this account. 

We are also interested in cost of intermittent employment, overtime 
and holiday pay, night-work differential applicable to classified 
employees. 

We would like to have a total for terminal leave payments as well 

as salaries, the amount of salaries subject to deductions for social 
security purposes. 
_ The subcommittee would like to have—and I would like—an item- 
ization of reimbursements for details of other Government organiza- 
tions who have been lent to NASA. This should be done by fiscal year 
so that it will show the committee what the comparisons are between 
fiscal year figures. 
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The committee is interested in refunds, awards, and indemnities 
that might have been made in the fiscal years 1959 or estimated for 
the fiscal year 1960 and the fiscal year 1961. This analysis should be 
furnished by location and there also should be an analysis by types of 
awards and claims so that we can determine the respective amounts for 
incentive awards for employees as well as the payment of damages for 
tort claims. 

I think there should be a fairly short paragraph on the respective 
tort claims of some size. 

The committee is interested in the taxes and assessments that may 
have been paid by NASA. 

We should have the Federal Government contribution to the social 
security payments of those employees who do not come under the re- 
tirement system. This analysis should be by location as well as ana- 
lysis by types of taxes and assessments. 

(Discussion off the record.) 

Mr. Furron. On these proposed estimates of authorization and ap- 
ropriation, we would like to have a summary provided as set out by 
scal years 1959, fiscal year 1960, and fiscal 1961, showing total allot- 

ments with such a summary breakdown as you feel would be advisable 
to sho wthe overall method of reaching the totals. 

Mr. Utmer. Very well, sir. 

Mr. Beresrorp. You have that information. 

Mr. Utmer. Yes, sir. 

Mr. Futon. These breakdowns should be both as to type of service 
as well as by geographical location, and facility, where possible. 

Mr. Utmer. Yes, Mr. Fulton. 

Mr. Kine. Without objection, then, all of the items referred to by 
Mr. Fulton will be included in the record. 

(The documents referred to are as follows :) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, Fiscat YEAR 1961 
ESTIMATES 


Appropriation summary 


Salaries and | Research and | Construction 
expenses | development! and equip- Total 
ment 
Approved, fiscal year 1959: 
Independent Offices Appropriation Act, 
1959; Public Law 85-844. $78, 100,000 $23, 000, 000 | $101, 100, 000 
Supplemental Appropriation Act, 1959; 
Pablic Law 85-7606... ...................- 5, 000,000 | $50,000, 000 25, 000, 000 80, 000, 000 
Second Supplemental Appropriation Act, 
Transfers DOD (72 Stat. 433) 154, 619, 582 
86, 286,300 | 204, 619, 532 48, 000, 000 338, 905, 832 
Approved, fiscal year 1960: a 
Supplemental Appropriation Act, 1960; 
91, 400, 000 335, 350, 000 73, 825, 000 500, 575, 000 
Appropriation transfer; Public Law —15, 000, 000 165, O90, 
91, 400, 000 320, 350, 000 88, 825, 000 500, 575, 000 
Requested, fiscal year 1960: Supplemental 
12, 200, 000 10, 800, 000 23, 000, 000 
Requested, fiscal year 1961: Regular estimates__| 170,760,000 | 621,453,000 | 122, 787,000 915, 000, 000 
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01 Personnel services 


Fiscal year Fiscal year F 
1959 ob- 1960 esti- 
ligated mated mated 
Analysis by location: 
NASA Headquarters... $2, 471, 433 $4, 927, 400 $6, 200, 009 
22, 183, 397 22, 482, 200 22" 609; 000 
10, 236, 443 10, 566, 200 10, 650) 000 
19, 408, 144 | 20, 187, 500 20, 101.009 
Flight Center ____ 2,161, 741 2, 657, 500 3, 120; 000 
Goddard Center. 2, 734, 824 9, 471, 250 15, 828, 
644, 213 1, 374, 600 1,915, 009 
212, 000 47, 540, 000 
— 
59, 917, 113 72, 280, 300 128, 625, 009 
Funded under ‘‘ Research and 


Analysis of positions and cost: 


End of year employment. 286 10, 086 16,373 
Average number of positions '................---...----- 8, 476 9, 685 16, 100 
Annual cost of positions, end of year____-----..----------- $65, 142,007 | $73, 254,506 | $120, 246, 731 
—6, 294, 304 | —38, 328,066 | —2, 389, 73 
58, 847, 703 69, 926, 440 117, 857, 000 
Regular pay above 52-week base_____..-_-_-..----_------- 246, 121 558, 710 463, 000 
620, 874 1, 361, 000 9, 087, 000 
155, 514 169, 300 451, 000 
Living and quarters allowances. 4, 952 10, 000 20; 000 
Additional pay for service abroad__...............-.-.---- 2, 842 13, 000 30; 000 
Uniform allowances. 7, 780 10, 000 17,000 
Payments to other agencies for reimbursable details_______- 297, 311 2 164, 450 2 450; 000 
ee 59, 917, 1 13 72, 280, 800. 128, 625, 000 


1 Includes positions filled by military personnel. 
2 Statement of reimbursable details: 


1959 1960 | 1961 
CBC details. 6, 956 $64, 450 $80, 000 
100, 000 370, 000 
27,311 164, 450 450, 000 


Data on personal services 


| 
| Number of employees at end of fiscal Obligations for personal services 
| year 
1959 1960 1961 | 1959 | 1960 1961 
actual estimated | estimated | actual | estimated estimated 
NASA Headquarters___ | 428 683 683 | $2,471,433 | $4, 927, 400 $6, 200, 000 
Langley Center ere 3,297 | 3, 220 3,220 | 22,183,397 | 22, 482, 200 22, 609, 000 
Ames Center. ________-- 1, 478 1, 440 1,440 | 10,236,443 | 10, 566, 200 10, 650, 000 
Lewis Center_..._.....- 2, 783 2, 736 2, 736 19, 408,144 | 20, 187, 500 20, 101, 000 
Flight Center_________- 336 416 416 2,161,741 | 2, 657, 500 3, 120,000 
Goddard Center. ______- 782 1,214 2, 000 2, 734,824 | 9, 471, 250 15, 834, 000 
Wallops Station _.__._- 171 22 300 644, 213 1, 374, 600 1, 915, 000 
NASA Huntsville 2 100 212, 000 47, 540,000 
Western Office. ________- 7 32 | 46 | 47, 882 | 241, 650 393, 000 
AMRO Office________-- 4 20 | 26 14, 682 | 160, 500 226, 000 
| 9,286 | "10, 086 1,086 | 16, 373 "59, 917, 113 | 72,280,800 | 128, 625,000 
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02 Travel 
- 
Fiscal year | Fiscal year | F 
1959 1960 year 
obligated estimated estimated 
- 
Analysis location: 
NASA Headquarters $1, 100, 009 
Ames 160, 000 
Flight 135,009 
Goddard Center-- 2, 210, 009 
Wallops Station_- 1 50, 000 
NASA Huntsville_- 1, 281; 000 
1, 097, 218 2, 866, 400 5, 849, 000 
Analysis by types of travel: 
Direction and coordination of program activities at NASA ; 
a ae 131, 983 338, 900 1, 110, 000 
Coordination of program activities with other Govern- . 
ment agencies and the scientific community -_.____-___.- 362, 490 781, 600 1, 440, 000 
Travel of technicians to launching sites and global track- ’ 
111, 690 943, 000 1, 949, 500 
Management of business activities__...._.__- 125, 745 206, 200 383, 600 
M anew 4g of NASA technical committees and “working | : 
207, 119 303, 600 360, 000 
adnatings of technical and scientific societies_.............- 89, 966 129, 000 189, 500 
Travel to initial duty stations......................--.-..- 30, 214 86, 000 250, 300 
Temporary assignments and transfers__.............--.--- 13, 836 19, 300 32, 500 
Travel to emergency relocation site___..............-.-.._- 1, 180 2, 000 2,000 
Reimbursement for local transportation and toll charges-__- 12, 058 16, 800 21, 600 
Travel of consultants and lecturers...-._....--.-----.-.--- 7, 078 40, 000 110,00 
1, 097, 218 2, 866, 400 5, 849, 000 


03 Transportation of things 


Fiscal year | Fiscal year | Fiscal year 
1959 1960 1961 
obligated estimated estimated 


Analysis by location: | 
$49, 588 $54, 000 $14, 000 
111, 456 8, 000 12, 000 
35, 934 10, 000 15, 000 
111, 755 15, 000 20, 000 
9, 709 7, 000 3,000 
41, 255 80, 000 236, 000 
Wallops Station . ............... 14, 999 7,000 22, 000 
5, 000 10, 000 
5, 000 5,000 
5,000 

374, 696 191, 000 442, 000 

Analysis by types of transportation: 

Transportation of supplies and equipment. 251, 966 (') 

Drayage and other local transportation. ____________.___- 18, 739 (1) () 

Transportation of household goods and personal effects_- 103, 991 191, 000 442, 000 
Total. all types of transportation.......................- 374, 696 191, 000 442, 000 


1 Funded under ‘‘ Research and development.” 
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04 Communication services 

Fiscal year | Fiscal year | Fiscal year 
1960 1961 
obligated estimated estimated 

by location: 

Headquarters... $205,531} $432,000] $535, 000 
51, 009 70, 000 82, 000 
71, 039 75, 000 94, 000 
62, 313 15, 000 20, 000 
17, 377 203, 000 244, 000 
4, 361 10, 000 12, 000 
1, 776 10, 000 12, 000 

451, 869 883, 600 1, 314, 000 
by types of service: 

Anaiyas delephone and exchange service 125, 225 195, 770 249, 000 
Long-distance toll charges_.............._.- 149, 181 , 130 627, 000 
37, 072 137, 625 257, 
| eee 80, 000 120, 000 180, 000 

60, 313 () (4) 
Total, all types of communication services 451, 869 883, 600 1, 314, 000 


1 Funded under “Research and development.” 
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05 Rents and utility services stat 
Fiscal year Fiscal year | Fise 
1959 obli- 1960 esti- 1961 eat 
gated mated mated Util 
Analysis by location: 
$16, 559 $103, 000 $30, 000 
nk 2, 709, 143 2, 971, 000 4, 407; 000 
2, 651, 526 2, 828, 000 3, 565, 000 Othe 
2, 608, 431 3, 044, 800 3, 693, 009 
81, 565 93, 000 179, 000 
3, 77 338, 000 5, 463, 000 
ce 50, 101 125, 000 409, 000 
| 10, 047 46, 000 46, 00 
8, 131, 146 9, 548, 800 23, 842, 009 
Analysis by types of rents and services: 
Electric power: 
1, 880, 782 2, 032, 000 2, 592, 000 
2, 238, 271 2, 268, 000 2, 612,000 
EE ce 2, 014, 946 2, 073, 800 2, 405, 000 
7, 152 8, 000 14, 000 — 
8, 000 75, 000 
50, 075 105, 000 145, 000 
ee Rete. 6, 191, 226 6, 494, 800 7, 843, 000 = 
Water: Anal 
36, 224 45, 000 60, 000 
Lewis 42, 276 51, 000 60, 000 
Flight Center ; 250 25) A 
78, 704 98, 250 145, 250 
Gas: d 
36, 698 44, 000 64, 000 
= 274, 284 317, 000 375, 000 
7, 750 8, 750 14, 750 Anal 
318, 732 369, 750 453, 750 
Miscellaneous utility services: Ames Center 931 1, 000 i r 
Data-reduction equipment rental: : 
yrs, Center 825, 188 936, 000 1, 812, 000 
Ames Center----..--- 338, 753 469, 000 826, 000 
Lewis Center.-_-_----- 3 275, 987 600, 000 850, 000 _— 
Flight Center 66, 210 75, 500 149, 500 
3, 774 328, 000 5, 363, 000 
19, 900 263, 900 
Total, data-reduction equipment rental_..._.._.____ 1, 521, 983 2, 428, 400 15, 314, 400 
Miscellaneou s rentals: sang 
oie 4, 488 103, 000 30,000 
649 1,000 2,000 
938 3, 000 3, 000 
249 500 500 
Es 10, 047 46, 000 46, 000 
Total, miscellaneous rentals._....................-.. 19, 570 156, 600 84, 600 
Total, all rents and utility services_................- 8, 131, 146 9, 548, 800 28, 842, 000 
1 Electric power and other utilities for NASA Huntsville will be provided by contract with the a pf 
ment of the Army; funding included under object 07, Support of NASA Plant, in the ‘‘Research and de- 
velopment”’ appropriation. 


SSS 


1961 NASA AUTHORIZATION 221 


statement of utilities and other contract services to be provided by AOMC for 
NASA Huntsville facility 


[Funded under Object “Support of NASA plant, Research and development”’] 


tilities : 
$18, 000 
_95, 000. 
Other : 

Maintenance of roads, buildings, equipment rail system, sanita- 
tion, telephone lines, fire protection, and security__.__.._________ 1, 023, 000 
Printing and photographic services___.........-----_----______ 115, 000 
Foundry, machine fabrication, etc.....................__.______ 125, 000 

06 Printing and reproduction 
Fiscal year | Fiscal year | Fiscal year 
1959 1960 1961 
obligated estimated estimated 
jon: 

$121,492| $142,000 $180,000 
18, 1 25, 000 26, 000 
5, 198 4,000 10, 000 
249 20,000 25, 000 
3, 000 5, 000 
77, 185 125, 000 170, 000 
Annual volume of consolidated technical reports. __.......}_..........__. 14, 000 18, 000 
Printed forms and letterheads.-.........-.......--...--... 1,943 4, 000 15, 000 
Miscellaneous printing, binding, and storage of type_____-. 72, 197 50, 000 150, 000 
160, 466 203, 000 363, 000 


52493 —60 ——15 
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0? Other contractual services 


Fiscal year | Fiscal year | RF 
1950 1960 iscal yew 
obligated estimated estimated 
Analysis by location: 
$1, 555, 818 $516, 800 $1, 306, 
3, 048 700 4%) 
3, 377, 802 714,000} 540.5 
Analysis by types of services: 
Miscellaneous contractual services - 754, 529 (1) () 
182, 166 214, 000 392, 200 
Services'by other Government agencies: 
178, 595 500, 000 1, 248, ow 
Total, other contractual services. -.----.---.-------- 3, 377, 802 714, 000 2, 640, 500 


1 


Government contributions toward the cost of Federal employees hospitalization 
were computed in accordance with Bureau of the Budget instructions as follows; 


Funded under *‘ Research and development.’’ 


* Pursuant to the Federal Employees Health Benefits Act of 1959 (Public Law 86-382) 


Estimated participation (90 percent of estimated man-years) --. 14,490 
Classes of enrollment: 
Family type insurance (60 of estimated 8,694 
Individual type insurance (40 percent of estimated participation). 5, 796 


Cost 


Family (8,694 times $3.12 biweekly contributions) $705, 000 
Individual (5,796 times $1.30 biweekly contributions)~..._...-.-_ 195, 300 
900, 300 
08 Supplies and materials 
Fiscal year | Fiscal year | Fiscal year 
1959 1960 1961 
obligated estimated estimated 
Analysis by location: 
6, 513, 992 () 


Funded under “Research and development.” 


| | 
AD 
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09 Equipment 
| 
Yeap Fiscal year | Fiscal year | Fiscal year 
1960 1961 
ated obligated estimated estimated 
is by location: 
800 
Funded under “Researeh and development.” 
40, 
= 11 Grants, subsidies, and contributions 
| 
Fiscal year | Fiscal year | Fiscal year 
1959 1961 
%, m obligated | estimated estimated 
is by location: | 
1, 420, 251 | 1, 416, 150 1, 441, 000 
Ames Comter. 644, 968 | 665, 850 677, 000 
40), 500 1, 236, 204 | 1, 271, 200 1, 280, 000 
91, 719 | 607, 520 911, 000 
40, 068 | 81, 000 114, 000 
382) ES 14, 000 2, 585, 000 
alice 3, 122 | 15, 480 25, 300 
mu Total, all locations..............-..-.-.-......---2--.--- | 3,719,808 | 4, 566, 300 7, 618, 500 
a CALCULATION OF GOVERNMENT CONTRIBUTIONS TO RETIREMENT FUND 
"300 
Personal services not subject to retirement deductions: 
Intermittent employment 
— 5, 887, 000 
Nightwork differential applicable to classified employees.__..................... 100, 000 
Reimbursements for details from other Government agencies.__.............____ 450, 000 
os Salaries subject to deductions for social security - ...............---.---.--------- 1, 196, 000 
—8, 217, 000 
an" Total, personal services subject to retirement deductions_............................... 117,208,000 
Total, Government contributions computed at 644 500 
* 13 Refunds, awards, and indemnities 
wt Fiscal year Fiscal year | Fiscal year 
Wey 1959 1960 1961 
ik: obligated | estimated estimated 
is by location: 
$1,506 | $129,000 $140, 000 
“as 885 | 1, 000 1,000 
3, 202 | 134, 000 147, 000 
Analysis by types of awards and claims: | 
1, 721 5, 000 7,000 
Tort claims... 1, 481 129, 000 | 140, C00 
Total, all awards and claims... == 3, 202 | 134, 000 147, 000 
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Analysis of incentive awards and tort claims 
INCENTIVE AWARDS 


Fiscal year | Fiscal year | F 
1959 1960 pear 
Analysis by location: 

55 $1, 000 1000 

TORT CLAIMS 
by location: 

Langley. $412 31,000 

Analysis by types of tort claims: 
Crop damage (spraying) Liss 
Personal 

15 Tazes and assessments 
Fiscal year | Fiscal year | Fiscal year 
1959 1960 1961 
obligated estimated es 
by location: 

$967 $1, 000 $1, 000 
3, 434 3, 000 3,000 
1, 657 2, 000 2, 000 
1, 968 2, 000 4, 000 
500 1,00 
4,000 

10, 570 12, 100 19, 000 

Analysis by types of taxes and assessments: Social security 
10, 570 12, 100 19, 000 
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Estimates of appropriations, “Salaries and expenses,” fiscal year 1961 
Fiscal year | Fiscal year Fiscal year 
1950 1960 196). 
obligated estimated estimated 
mal services: : 

o1 Persvumber of permanent positions (end of year)........- 9, 286 10, 086 16, 373 
Annual cost of permanent positions (end of year) ____- $65, 142,007 | $73, 254,506 | $120, 246, 731 
Deduct lapses. -.....-.--.--....--.-..-----.....-.---- , 294, 3, 328, 2, 389, 731 

Net cost of permanent positions. ....._....._.____- 1 58, 847, 703 69, 926, 440 117, 857, 000 

Intermittent employment-__..-_-_..____._-__ 1 4,016 67, 900 250, 000 

Regular pay above 52-week base______________.__- 1 246, 121 558, 710 463, 000 

Overtime and nightwork differential......________ 1 776, 388 1, 530, 9, 538, 000 

Reimbursable 27, 311 164, 450 450, 000 

Total, personal services_................. ee 1 59, 917, 113 72, 280, 800 128, 625, 000 

"1, 285, 911 2, 866, 400 , 849, 000 

03 Transportation of things: 

04 Communication services: 

60, 313 2 156, 500 2 336, 
883, 600 1, 314, 000 

05 Rents and utility services: 

6, 191, 226 6, 494, 800 7, 843, 000 
1, 541, 553 2, 585, 000 15, 399, 000 
06 Printing and reproduction. ---.---..-.-2..-2222222---2...- 160, 466 203, 000 363, 
07 Other contractual services: 
Roepeire and alterations. 11,221,710 }, 22,012, 100 2 5, 060, 000 
Eee 1947, 2 1, 522, 400 27, 403, 000 
Services by other Government agencies______________. 1 20, 421, 095 2 2, 556, 000 2 5,079, 000 
1 185, 440 214, 000 392, 200 

08 Supplies and materials...-........-...-2-22--2-_._. 1 6,927,053 | 28,636,000 | 217,607,000 

1 3, 632,845 | 26,316,000 | 211,867,000 

ll Grants, subsidies, and contributions____..____- 1 3, 785, 722 4, 566, 300 7, 618, 500 

13 Refunds, awards, and indemnities___.______ * 3, 202 134, 000 147, 000 

108, 460, 443 | 114, 084, 000 222, 105, 000 

Partially or fully funded under Research and development’’_ — 22, 472, 147 | —22, 684,000 | —51, 345,000 

86, 286, 300 91, 400, 000 70, 760, 000 
1 Partially funded. 
* Fully funded. 
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Estimates of appropriations, “Salaries and expenses” fiscal year 1961—Continyeg 


NASA HEADQUARTERS 


Fiscal year | Fiscal year | F 
1959 1960 year 
obligated estimated estimated 
01 Personal services: 
Number of permanent positions (end of year) -__-_----- 428 683 683 
Annual cost of permanent positions (end of year) _...... $3, 678, 369 $5, 861, 774 $5, 936, 714 
1, 291, 973 1, 178, 674 50,4 
Net cost of permanent positions_.........-...------- 2, 386, 396 4, 683, 100 5, 877, 000 
Intermittent employment---___.-.---.-.--------------- 1,029 50, 000 75, 000 
Regular pay above 52-week base. 14, 165 45, 400 
Overtime and nightwork 42, 405 108, 600 125, 000 
Reimbursable details 27,311 40, 000 100, 000 
2, 471, 433 4, 927, 400 6, 200, 009 
370, 940 922, 1, 100, 000 
03 ‘Transportation of things: . 
13, 798 54, 000 14,000 
ath 35, 790 2 200, 000 2 300, 000 
04 Communication services: . 
201, 007 432, 000 535, 000 
05 Rents and utility services: 
16, 559 103, 000 30, 000 
ee 121, 492 142, 000 180,000 
07 Other contractual services: 
Repairs and alterations. .............-..-------------- 6, 282 2 10, 000 2 10,000 
1 307, 650 2 469, 000 2 570,000 
Services by other Government 1 271,314 2 580, 000 2 620,000 
178, 595 500, 000 1, 248, 000 
, 467 16, 800 20, 
1211, 776 2 240, 000 2320, 
1 349, 241 2 150, 000 2 165,000 
11 Grants, subsidies, and contributions. -.........-.-..--.--- 152, 505 321, 400 384, 000 
13 Refunds, awards, and indemnities_-__........-...-.---.--- 1, 506 129, 000 140,000 
967 1,000 1,000 
5, 539, 356 9, 232, 300 11, 915,000 
Partially or full under Research and development’”’ _ _ —90,047 | —1, 683,000 —2, 025, 
Total allotment SRA) 5, 538, 860 7, 549, 300 9, 890, 000 


1 Partially funded. 
2 Fully funded. 
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pstimates of appropriations, “Salaries and ewpenses” fiscal year 1961—Continued 


LANGLEY RESEARCH CENTER 


Fiscal year | Fiscal year | Fiscal year 
1959 1961 
obligated estimated estimated 
services: 
¢ agg oe of permanent positions (end of year)_..-..___- 3, 297 3, 220 3, 220 
Annual cost of permanent positions (end of year)....| $22,209,951 | $22, 329,084 $22, 444, 084 
Net cost of permanent positions__.__............_. 21, 900, 987 22, 117, 100 22, 295, 000 
Regular pay above 52-week base__................ 84, 099 168, 000 86, 500 
Overtime and nightwork differential___ 197, 791 196, 000 226, 000 
Other allowances... § 1,100 1, 500 
Total personal-services.......................... 22, 183, 397 22, 482, 200 22, 609, 000 
238, 457 403, 800 460, 000 
03 Transportation of things: 
29, 534 8, 000 12, 000 
81, 922 2117, 400 2 120, 000 
04 Communication services: 
05 Rents and utility services: 
iia weccntananencscnsedacdbesdesnendchen 1, 880, 782 2, 032, 000 2, 592, 000 
828, 361 939, 000 1, 815, 000 
Printing and reproduction._.............................. 18, 103 , 000 26, 
07 Other contractual services: 
EE EE ae 1 §97, 659 2 565, 200 2 958, 000 
ae 1 230, 136 2 228, 000 2 246, 000 
Services by other Government agencies_____..._______ 82, 997 2 82,000 2 138, 000 
EEE Ee: 72, 342 66, 850 74, 000 
1 2, 562, 086 2 3, 224, 500 2 5, 610, 000 
1 768,028 | 21,037,000 2 2,018, 000 
ll Grants, subsidies, and contributions___...............___- 1, 420, 251 1, 416, 150 1, 441, 000 
18 Refunds, awards, and indemnities........................ 55 1, 000 1, 000 
1, 106 1, 500 2, 000 
Hn ceeneibadtaduiccwawadsccasndeuvceecusachaee 31, 046, 225 32, 708, 100 38, 395, 000 
Partially or fully funded under ‘‘Research and development”. —518, 403 | —5, 262, 600 —9, 100, 000 
30, 568, 970 27, 445, 500 29, 295, 000 
1 Partially funded. 


Fully funded. 
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Estimates of appropriations, “Salaries and expenses” fiscal year 1961—Continug 


AMES RESEARCH CENTER 


Fiscal year | Fiscal year | F 
1959 1960 yea 
obligated estimated estimated 
01 Personal services: 
Number of permanent positions (end of year) -_-__-.--_-- 1, 478 1, 440 14 
Annual cost of permanent positions (end of year) - -._- $10, 374,891 | $10, 458, 547 $10, 518, 547 
265, 178 68, 697 82 
Net cost of permanent positions_--_...._.-- cosmees 10, 109, 713 10, 389, 850 10, 466, 09) 
Regular pay above 52-week base_-____.--.--------- 39, 186 78, 900 ry 
Overtime and nightwork differential __.......____- 86, 393 , 000 142' 00) 
1,151 1, 000 
ee 10, 236, 443 10, 566, 200 10, 650, 00) 
03 Transportation of things: 
9, 005 10, 000 15,00 
26, 929 2 40, 000 235, 000 
04 Communication services: 
32, 573 35, 000 42,000 
05 Rents and utility services: 
CE, EE ee 2, 238, 271 2, 268, 000 2, 612, 009 
73, 853 90, 000 125, 000 
, 402 470, 000 828, 00) 
GS ome seprodaction . 14, 221 7, 000 15, 000 
07 Other contractual services: 
ee 160, 832 2 508, 2766, 000 
124, 306 2 240, 500 2 252, 000 
Services by other Government agencies --__-_...-..--.-- 8, 165 2 18, 000 2 107,000 
ee 32, 021 31, 000 35, 000 
1, 177, 031 2 1, 500, 000 2 1, 500, 00 
1, 024, 215 2 1, 330, 000 21, 400, 000 
11 Grants, subsidies, and contributions --- 644, 968 665, 850 677, 000 
13 Refunds, awards, and indemnities--.-...........-..------- 711 1, 000 1,00 
3, 434 3, 000 3, 000 
Partially or under ‘‘ Research and —3, 637, 000 070, 000 
16, 299, 035 14, 257, 050 15, 244, 000 


2 Fully funded. 
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patimates of appropriations, “Salaries and expenses” fiscal year 1961—Continued 


tinue 
LEWIS RESEARCH CENTER 
a Fiscal year | Fiscal year | Fiscal year 
al Year 1959 1960 | 961 
96] obligated estimated | estimated 
mated 
Personal services: | 
Number of permanent positions (end of year)___- 2, 783 2, 736 2, 736 
1, = = 
Annual cost of of $19, 568 $19, 799, | $19,994,614 
Deduct lapses... . 434, 278 | +76, 076 | 86, 614 
Net cost of permanent positions... 19, 172, 200 19, 875,690 | 19, 808, 000 
466, 009 Regular pay above 52-week base. 74, 555 152, 310 76, 500 
ae Overtime and eneee: differential. 155, 409 153, 500 210. 000 
40, 60 Other allowances......___ os. 5, 890 6, 000 6, 500 
1.00 Reimbursable details 
0) 
acatiens Total personal services __ 19, 408, 144 20, 187, 500 20, 101, 000 
@ Travel_. 130, 516 180, 000 300, 
650,00 | ‘Transportation of things: 
160, 000 Household goods_- RE eee 16, 959 15, 000 | 20 000 
All other_- 94, 796 2 173, 000 | 2 300, 000 
15, 00) Communication services: | 
35, 000 574 2 3,000 2 6, 000 
_ (6 Rents and utility services: 
42, 000 Electric 2,014,946 | 073, 800 2, 405, 000 
Other utilities... ian aks 316, 560 368, 435, 000 
12, 000 Rentals_.____- 276, 925 603, 000 853, 000 
25, 000 6 Printing and reproduction. _ 5, 198 4, 000 10, 000 
2,00) | 97 Other contractual services: 
Repairs and erations ...._....... —...... 300, 759 2 528, 000 2 669, 000 
— Miscellaneous services. 219, 735 2 467, 000 2 700, 000 
16, 000 Services by other Gov ernment ‘agencies. 3, 336 | 2 5,000 2 5,000 
2, 000 Security investigations__ | 
7, 000 Federal life insurance. __- = 57. 372 59, 700 66, 000 
Federal health 154, 000 
500 | Supplies and 12,181,761 | 22 800,000 24,000,000 
1, 000 1,019,887 | 22 280 000 2 3, 500, 000 
0, 000 11 Grants, subsidies, and contributions...» = 1, 236, 204 | 1, 271, 200 1, 283, 000 
0, 000 , awards, and indemnities.____ 845 | 1,000 1,000 
15 Taxes and assessments... 1, 657 | 2, 000 2, 000 
3, 000 a 27, 356, 639 31, 096, 200 | 34, 904, 000 
2 Partially or fully funded under “ Research and dev elopment”’- — 187,656 | —6, 256, 000 —9, 180, 000 
27, 215, 227 | 24, 840, 200 | 25, 724, 000 
, 000 
1 Partially funded. 


? Fully funded. 
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Estimates of appropriations, “Salaries and expenses” fiscal year 1961—Continued 
FLIGHT RESEARCH CENTER 


Fiscal year | Fiscal year | Fiscal year 
1959 1960 196] 
obligated estimated estimated 
01 Personal services: 
Number of permanent positions (end of year)........- 336 416 416 
Annual cost of permanent positions (end of year) -__-- $2, 316, 670 $2, 921, 952 $2, 936, 759 
228, 443 439, 952 17, 752 
Net cost of permanent positions........-.....-.--- 2, 088, 227 2, 482, 000 2, 919, 000 
Regular pay above 52-week base-_-__...........__- 8, 784 22, 400 11, 300 
Overtime and nightwork differential.........____- 64, 638 , 000 , 600 
28, 000 50, 000 
Total personal services...................-.-...- 2, 161, 741 2, 657, 500 3, 120, 000 
03 Transportation of things: 
903 ,000 3,000 
8, 806 2 16, 600 29,000 
04 Communication services: 
52, 036 2 108, 000 2 108, 000 
10, 277 15, 000 20, 000 
05 Rents and utility services: 
7, 152 8, 000 14, 000 
7, 954 9, 000 15, 000 
66, 459 76, 000 150, 000 
nee 1, 203 , 000 2,000 
07 Other contractual services: 
Se eee 94, 493 2 92, 500 260,000 
1 33, 036 2 40, 000 285,000 
Services by other Government agencies_._..........-- 861 22,500 2 4,000 
SE eee 6, 138 7, 450 10, 000 
1 299, 866 2 250, 000 2 400, 000 
1202, 792 2 324, 000 2 384, 000 
11 Grants, subsidies, and contributions.................--_- 129, 084 163, 200 188, 000 
13 Refunds, awards, and indemnities._.............._...-.__- 85 1,000 1,000 
1, 438 2, 000 2, 000 
3, 155, 713 3, 871, 750 4, 729, 000 
Partially or fully funded under “‘ Research and development”’ - - —21, 562 —833, —1, 050, 000 
Total allotment.....-.......:... aoe 3, 154, 208 3, 038, 150 3. 679, 000 
1 Partially funded. 


2 Fully funded. 
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Estimates of appropriations, “Salaries and expenses” fiscal year 1961—Continued 
GODDARD SPACE FLIGHT CENTER 


Fiscal year | Fiscal year | Fiscal year 
1959 1960 1961 
obligated estimated estimated 
01 Personal services: 
Number of permanent positions (end of year)_........ 782 1,214 2, 000 
Annual cost of permanent positions (end of year)... .-. $5, 852, 969 $9, 343, 806 $15, 711, 806 
3, 351, 540 851, 356 1, 618, 
Net cost of permanent positions.............._.- --| 12,501,429 8, 492, 450 14, 093, 000 
Intermittent employment......................... 1 2, 987 17, 900 75, 000 
Regular pay above 52-week base._.............._- 121,095 71, 900 60, 400 
Overtime and nightwork differential.............. 1201, 519 786, 000 1, 355, 600 
TOUR) 1 2, 734, 824 9, 471, 250 15, 834, 000 
359, 189 1, 053, 500 2, 210, 000 
(3 Transportation of things: 
133, 792 80, 000 236, 000 
1 16, 645 2 916, 000 2 1,012, 000 
04 Communication services: 
14, 198 203, 000 244, 000 
05 Rents and utility services: 
8, 000 75, 000 
senting and reproduction. 20, 000 25, 
07 Other contractual services: 
Repairs and alterations. .........-........... 2 107, 800 2 600, 000 
Miscellaneous services. ..............-.... 50, 000 2131, 000 
Services by other Government agencies 2 1, 807, 000 2 1, 600, 000 
Federal! life insurance 26, 000 46, 000 
2 210, 000 2 1, 227, 000 
21, 100, 000 31, 498, 000 
ll Grants, subsidies, and contributions.................--._- 607, 520 19, 000 
13 Refunds, awards, and indemnities_....................-_- 1, 000 2, 000 
Partially or fully funded under “Research and development’’__| —21, 654,479 | —4, 190, —6, 
2, 021, 100 11, 802, 270 25, 084, 000 


1 Partially funded. 
2Fully funded. 
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Estimates of appropriations, “Salaries and expenses’’ fiscal year 1961—Continued 


WALLOPS STATION 


Fiscal year | Fiscal year | Fiscal year 
1959 1960 1961 
obligated estimated estimated 
01 Personal services: 
Number of permanent positions (end of year)_-..-.---.- 171 225 300 
Annual cost of permanent positions (end of year) - - - -- $986, 974 $1, 319, 974 $1, 925, 284 
Net cost of permanent positions._...............-- 612, 187 1, 288, 100 1, 771,000 
Regular pay above 52-week base --....--....-.-.--- 3, 793 10, 400 600 
Overtime and nightwork differential. ..........._- 5 74, 600 134, 600 
, 500 , 800 
a 644, 213 1, 374, 600 1, 915, 000 
03 Transportation of things: 
7,000 22, 000 
14, 999 2 20, 000 2 80, 000 
Communieation services: 
2 3,000 2 72,000 
5, 842 33, 600 40, 000 
05 Rents and utility services: 
Electric 50, 075 105, 000 145, 000 
26 20, 000 264, 000 
07 Other contractual services: 
Repairs and alterations. 58, 878 2 189, 500 2 191, 000 
9, 535 20, 000 2 42,000 
Services by other Government agencies 412 2 61, 500 22,000 
2, 102 4, 000 6, 000 
en 467, 789 2 405, 000 2 540,000 
41, 080 2 70, 000 2 125, 000 
11 Grants. subsidies, and 40, 068 81,000 114, 000 
1, 344, 515 2, 469, 100 3, 730, 000 
Partially or fully funded under “‘ Research and development’’__ |_...__-------- —769, —1, 052,000 
1, 356, 820 1, 700, 100 2, 678, 000 


2 Fully funded. 


1961 NASA AUTHORIZATION 


233 


Estimates of appropriations, “Salaries and expenses” fiscal year 1961—Continued 


08 
09 
ll 
13 
15 


NASA HUNTSVILLE FACILITY 


Fiscal year | Fiscal year | Fiscal year 
1959 1960 1961 
obligated estimated estimated 
Personal services: 
Number of permanent positions (end of year)__._____.|..---______ 100 5, 500 
Annual cost of permanent positions (end of year)_____|_._........___ $727, 000 $40, 175, 000 
Net cost of permanent positions...................]...........__. 202, 000 39, 980, 000 
Regular pay above 52-week base_.__..............]..._-.._..-__- 5, 600 154, 500 
Overtime and nightwork differential......._....-_|__...... 4, 400 7, 200, 000 
Transportation of things: 
Communication services: 
Rents and utility services: 
Other contractual services: 
2 1, 800, 000 
Services by other Government agencies. _............_|...........-..|.............. 2 2, 603, 000 
1, 000 132, 000 
Grants, subsidies, and contributions_....._...............|_........._.__ 14, 000 2, 570, 000 
Refunds, awards, and indemnities 1, 000 
Partially. or fully funded under “Research and development”’ —18, 752, 000 


2Fully funded. 


| | 
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Estimates of appropriations, “Salaries and expenses” fiscal year 1961—Continueg 


WESTERN OPERATIONS OFFICE 


Fiscal year | Fiscal year | Fiscal year 
1959 1960 1961 
obligated estimated estimated 
01 Personal services: 
Number of permanent positions (end of year)--.---..-- 7 32 4 
Annual cost of permanent positions (end of year). --.- $64, 455 $305, 605 $419, 605 
16, 820 67, 255 30, 605 
Net cost of permanent positions_..............---- 47, 635 238, 350 389, 000 
Regular pay above 52-week base__-.........-.-.-- 247 2, 300 1,600 
Overtime and nightwork , 000 400 
47, 882 241, 650 393, 000 
03 Transportation of things: r 
04 Communication services: 
4, 361 10, 000 12,000 
05 Rents and utility services: 
10, 047 46, 000 46, 000 
07 Other contractual services: . 
1, 746 , 900 27,000 
154 700 1, 700 
2, 500 
1, 352 24, 500 2 6,000 
17, 526 2 22, 000 215, 000 
11 Grants, subsidies, and contributions--.-.......-..---....-- , 122 15, 480 25, 300 
amos 90, 557 384, 930 550, 500 
Partially arf ully funded under “ Research and development’”’__|_........_..-- —46, —35, 000 
94, 815 338, 930 515, 500 


2? Fully funded. 
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Estimates of appropriations, “Salaries and expenses” fiscal year 1961—Continued 


ATLANTIC MISSILE RANGE OPERATIONS OFFIOE 


Fiscal year 
195 


Fiscal year 
9 1960 
obligated 


estimated 


Fiscal year 
1961 
estimated 


Ss 


ss 


Transportation of things: 
All other __- 
Communication services: 


Leased lines 


All other___- 


Rents and utilit 


y services: 


Other utilities 


Other contractual services: 
Research contracts 


Repairs and 


Miscellaneous services 


Federal life insurance 


Federal heal 


Supplies and materials 


Grants, subsidies, and contributions 
Refunds, awards. and indemnities- 


Total 


| 


alterations 


Partially or fully funded under ‘‘ Research and development” -| —6, 000 


2Fully funded. 


| | 
(1 Personal services: 
Number of permanent positions (end of year)_.____._- 4 20 26 
Annual cost of permanent positions (end of year) pion $51, 160 $187, 150 $236, 265 
Deduct a 36, 675 29, 350 13, 265 
Net cost of permanent positions...................] 14, 485 157, 800 223, 000 
Regular pay above 52-week base. 197 1, 500 1,000 
Overtime and nightwork 1, 200 2,000 
Total personal 14,083 160, 500 226, 000 
»e 15, 000 18, 000 
2 1,000 21,000 
| 
05 
08 125 2 2,000 2 3,000 
09 Equipment 2 3,000 2 4,000 
ll 954 10, 500 14, 500 ‘ 
18 04: vi 286, 000 
Total 20, 000 | 201, 500 278, 000 
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Estimates of appropriations, “Salaries and expenses” fiscal year 1961—Continneg 


PACIFIC MISSILE RANGE OPERATIONS OFFICE 


Fiscal year | Fiscal year | Fis 
1959 1960 ‘seal year 
obligated estimated estimated 
01 Personal services: 
Number of permanent positions (end of year)_-_....-.|-.--------.---]----.--._____- 
Annual cost of permanent positions (end of year)... __|_.....-------_}---2-- 000 
Overtime and nightwork 800 
03 Transportation of things: “ 
04 Communication services: 
05 Rents and utility services: . 
06 Printing and reproduction 
07 Other contractual services: 
Partially or fully funded under “‘ Research and development’’_|___......_._-_|_-.------_-__- —5, 000 


2 Fully funded. 


| 

| | | 
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Estimates of appropriations, “Salaries and expenses” Jiscal year 1961—Continued 


WRIGHT-PATTERSON LIAISON OFFICE 


SSsssi iii: 


ssi 


Sie 


Fiscal year | Fiscal year Fiscal year 
1960 1961 
obligated estimated estimated 
01 Personal services: 
Number of permanent positions (end of year) - 
Annual cost of permanent positions (end of year) ___- 
Overtime and nightwork differential. 
03 ‘Transportation of things: | 
04 Communication services: | 
05 Rents and utility services: 
07 Other contractual services: 
Services by other Government agencies... 
Partially or funded under ‘‘Research and 


52493—60-——_16 
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Support of NASA plant 


Fiscal year 1959 Fiscal year | Fiscal 
1960, 1961, 
research researc 
Salaries Research and devel- | and anv 
and and devel- Total opment opment 
expenses opment 
Analysis by location: 
NASA Headquarters----........------ $1, 096, 530 $90,047 | $1, 186, 577 | $1,683,000 | $2, 025, 000 
Langley Center..............-.------..] 3,804, 425 518, 403 4, 322, 828 5, 262, 600 9, 100; 000 
2. 521, 478 | 2,521,478 | 3, 637, 000 4, 070. 000 
3, 633, 192 187,656 | 3,520,848 | 6, 256, 000 9, 180 000 
Flight Center... ____- 670, 328 21, 562 691, 890 $33, 600 | 050' 009 
CE nga wn 107 737 144, 700 252, 437 4, 190, 800 6, 068, 000 
592, 693 769, 000 1; 052' 000 
AMRO Office. 125 6, 000 8. 000 
Total obligations, 12, 448, 298 962, 368 | 13, 410, 666 | 
New oblizational authority, 1960 and 
22, 684, 000 | 51, 345, 000 
1959 halance available for obligation in 
Total................---.......-.-] 12 448,298 | 1, 097,651 | 13, 545,949 | 22, 684,000 | 51,345, 000 
Analysis by object of expenditure: 
03 Transportation of 271,055 | 1, 485, 000 3, 993, 000 
04 Communication services_____ 60, 313 60, 313 156, 500 336, 000 
07 Other contractual services _-___-_. 2. 200, 531 318 869 | 2,519,400 | 6,090,500 | 17, 542, 000 
08 Supplies and materials peeaalics d 6 513, 992 413, 061 6, 927, 053 8, 636,000 | 17, 607,000 
09 Equipment...._........-......--.-| 3,402,407 230,438 | 3,632,845 | 6,316,000 | 11, 867,000 
12, 448, 298 962, 368 | 13,410, 666 | 22,684,000 | 51,345, 000 


Mr. Kine. I have a few more questions I would like to ask. 

Last year, as I remember, there were one or two items, one in par- 
ticular, that caused this committee to raise a question or two. I think 
there was a piece of property, wasn’t there, that had not yet been 
acquired 

{r. Beresrorp. For the Jet Propulsion Laboratory in California. 
Is that the one you mean ? 

Mr. Krna. I believe that was it. In any event, a question was raised 
on that and this committee did reject that particular item although I 
believe it was added in later by the Senate, as I recall, and was kept 
in at the conference committee. 

But I am asking now: To your knowledge, are there any items 
here, at all, that might possibly raise a question which we should 
consider at this time, items which undoubtedly you feel are appro- 
priate here and are prepared to defend, but nevertheless, items which 
someone not familiar with the facts might raise a question? 

So I am asking you now whether there are such items, and if there 
are, if you could call them to our attention so that. we could get into 
the record now your factual justification for including them here? 

( Discussion off the record. ) 

Mr. Umer. If I could try to answer your question this way, Mr. 
King: You raised the question of land procurement. This, as you 
know, is not an item that is in the salaries and expenses appropriation, 
but I would like to speak to it since you did raise it. 

There is one small item of land procurement in the 1961 budget, 
I believe it is 3.5 acres of additional land at the Jet Propulsion Lab- 


| 


| 
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oratory. This is the only land acquisition in the entire budget. It is 

a small land area contiguous to the existing site and is required for 

some of the facilities being proposed under the construction and 
uipment section of the budget. 

Mr. Kine. That item then is not before this subcommittee ? 

Mr. Utmer. No, sir. 

Mr. Kine. That will be dealt with by the other subcommittee ? 

Mr. Umer. Correct. It is under the construction and equipment 

dget. 
me I may give just a general answer to your question: The major 
item of increase in the salaries and expenses appropriation involves 
the takeover by NASA of the Huntsville facility. In any of these 
breakdowns that you examine in detail, you will find that the major 
items of increase come about as a result of this action. This is true 
in travel, transportation, in rents and utilities, in the retirement fund, 
in the personal services fund. I think that most of the questions that 
vou may get on the detailed sheets can be brought back again to the 
fact that we are funding on a full year basis for the first time in 1961 
the entire staff of 5,500 people for the Huntsville facility. 

That involves a total salaries and expenses budget of over $55 mil- 
lion, and this by far, takes up the majority of the increase being 
requested for salaries and expenses for the entire agency. 

Mr. Kina. Last year the figure was what ? 

Mr. Utmer. It was zero. 

Mr. Kina. I mean 

Mr. Utmer. Total salaries and expenses? 

Mr. Kina. The total figure for salaries and expenses? 

Mr. Umer. 91.4 million. 

Mr. Kina. This is about an 85-percent increase, then ? 

Mr. Umer. Yes, sir. 

Mr. Kine. And you are saying that the great bulk of that increase 
is represented by the Huntsville operation ? 

Mr. Utmer. Correct. 

Mr. Krna. The items that are not represented by the Huntsville 
operation, that is the other items of increase, would represent simply 
the normal expansion of operations that we had last year and you 
have merely—you are taking on added personnel, is that right? 

Mr. Utmer. In 1961 we are taking on added personnel at the God- 
dard Center of approximately 800. That makes up a substantial 
amount of the additional increase being requested under personal 
services. There are also included*in 1961 the full year costs of the 
personnel that were added during the current fiscal year, which we 
are funding in 1960 only on a partial-year basis as they come on board. 


-' There is additional rental for computing equipment at all of our 


installations. This is a normal occurrence in this business. This is 
an economical method of meeting an increasing workload; the types 
of work that we are doing are requiring more and more calculations, 
more data points are being taken In our research experiments, and all 
installations, you will find, are asking for additional funds for the 
rental of computing equipment. 

The contributions to the retirement fund, of course, increase pro- 
portionately to the personal services. But those are the major items 
in which we are requesting increases. 
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Mr. Kine. The total NASA budget last year, as I recall, was $509, 
million, am I correct ? 

Mr. Umer. It is $523 million, sir, including: 

Mr. Kine. Does that include the supplemental ? 

Mr. Umer. It includes the supplemental. 

Mr. Kine. I believe the figure that was before us was $500 million 
as I recall, roughly, before the supplemental, is that correct ¢ 

Mr. Utmer. That is right, sir. 

Mr. Kine. And the total figure now before us is what ? 

Mr. Umer. The total figure for 1961 is $915 million. 

Mr. Kina. $915 million ¢ 

Mr. Unmer. It is made up of the $802 million in the original Presj- 
dent’s budget submission, plus the $113 million amendment which was 
transmitted on February 8 by the President. 

Mr. Kine. That was to cover the Saturn project, was it not? 

Mr. Umer. For the most part, yes, sir. 

Mr. Kine. So there is an increase of considerably better than 100 
percent. 

Now, does the increase in salaries and expenses this year over last 
year maintain about the same proportion as the total increase of this 
year over last year ? 

Mr. Umer. No, sir it does not. Mr. Horner’s chart yesterday 
touched briefly on that in which he indicated a larger percentage of 
the 1961 budget being required for outside contracts. The S. & E. 
budget goes from $91.4 to $170 million. If you remove the Hunts- 
ville budget of approximately $58 million, we are talking about an 
increase here of 91 to 112, which is about a 23 percent increase, com- 
pared to the approximately 50 percent you mentioned. The major 
reason being, of course, that the increase in dollars in the budget is 
primarily in the areas where we will do outside contracting, not in an 
expansion of our in-house capability. 

r. Kina. All of these figures we are discussing are in-house 
capabilities ? 
r. Utmer. All of these that. we are discussing are in-house. 

Mr. Kine. Where,you let, work out on contract, none of the salaries 
there would be included in this figure? 

Mr. Umer. Your statement is correct. 

Mr. Kine. They would come under R. & D.? 

Mr. Utmer. R. & D., yes, sir. 

Mr. Kine. We were discussing any possible items that might be 
questioned and you mentioned that there was one item of acquisition 
of property but not before this subcommittee. 

Mr. Umer. Yes, sir. 

Mr. Kina. Are there any items at all, then, that are before this 
subcommittee that might cause someone to raise a legitimate question 
and legitimately want further explanation and further light? 

(Discussion off the record.) 

Mr. Futon. Let me ask you specifically what you have done by way 
of rental of property, utilities, or expenses in connection with prop- 
erty in the District of Columbia, in Washington, D.C. 

Mr. Hsornevik. In the District of Columbia, of course, Gevern- 
ment. agencies are required by law to lease properly only through the 
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General Services Administration, who is the lessor, and who is the 
assignor of all properties within the District of Columbia. 

In order to make this work, the Budget. Bureau has worked out an 
arrangement whereby when a need for space comes up during a fiscal 
year and General Services Administration has been unable to budget 
for it in advance, that some agencies have authority, as we do, to 
reimburse General Services Administration for the cost of the lease, 
but we still must go through General Services Administration to 
obtain leased property within the District of Columbia. 

We are now negotiating with General Services Administration to 
jease us additional office space in the District of Columbia. 

Mr. Furron. How much do you need, and put a statement in the 
record at this point concerning what you have done in the past year 
and what you have estimated for the future. 

Mr. Hsornevik. Yes, sir, we will be happy to do that. 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION—HEADQUARTERS OFFICE 
SPACE 


The National Aeronautics and Space Administration has met all requirements 
for additional NASA Headquarters office space during the past year by occupy- 
ing Government-owned space. For the past 3 months, however, we have been 
negotiating with the General Services Administration to obtain an additional 
50,000 square feet of general purpose office space within reasonable distance of 
our present main location at 1520 H Street NW. This space is required to meet 
the following urgent needs: 

1. Added employment within our current fiscal year 1960 authorization ; 

2. Added staffing anticipated if approval is obtained from the Congress to ac- 
eelerate hiring against fiscal year 1961 authorization; 

8. Full-time and temporary employment for a newly created Office of Inter- 
national Conference to coordinate and direct U.S. participation in the forth- 
coming conference on the peaceful uses of outer space. 

Our future plans for leasing of office space depend now upon what GSA intends 
doing about our present urgent requirements. The 50,000 square feet which we 
are how attempting to obtain is intended to meet all agency needs until we occupy 
Federal Office Building No. 6, on about July 1961. 


(Discussion off the record.) 

Mr. Futon. Could the committee have a statement regarding the 
promotions both in-grade and between grades in the past year and 
the estimates for the future? We would also like to have the total 
proposed cost of such promotions to the NASA agency and its budget 
for the respective fiscal years or parts of them. 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Statement on within-grade salary advancements and grade promotions 


Actual Estimated Estimated 
Cost analysis fiscal year fiscal year fiseal year 
1959 1960 1961 
Within-grade salary advancements___..._...............----.- $64, 431 $182, 000 $319, 105 
Promotions and 795, 305 652, 000 
859, 736 834, 000 919, 105 
Amount included in NASA appropriation request --.._._.....|..-.....-.----|-.---2----.--- 319, 105 
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Pursuant to Bureau of the Budget instructions, agencies were not pe 
to request funds to finance anticipated within-grade salary advancements or 
grade promotions for the fiscal years 1959 and 1960. Funds to finance the Salary 
adjustments indicated in the above table for the fiscal years 1959 and 1960 were 
realized through savings in personnel costs due to delays in filling vacateg 
positions, leave without pay, delays in filling new positions, filling positions 
vacated at or near the top of a grade with new employees at the entrance step 
of a grade, and replacing vacated senior positions with new recruits at lower 
grade levels. 

The estimates for the fiscal year 1961 include funds to finance within-grade 
salary advancements as now permitted by the Bureau of the Budget. The 
restriction against requesting funds for anticipated grade promotions continues 
in effect and funds for grade promotions will continue to be financed through 
anticipated savings during the fiscal year 1961 in the manner described for the 
fiscal years 1959 and 1960. 


Under the original NASA Authorization Act of the 85th Congress 
there were provided certain numbers of personnel for excepted grade 
classes. Would you please put a statement in of those authorizations 
and also the method of filling them. 

Mr. Utmer. Yes, sir. 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, 
October 20, 1958. 
Memorandum from the Administrator. 
Subject: Establishment and approval of excepted positions and salaries under 
the authority of section 203(b) of the National Aeronautics and Space Act, 


I. LEGAL BASIS 


The National Aeronautics and Space Act of 1958 provides in section 203 (b) (2) 
that ““(A) to the extent the Administrator deems such action necessary to the 
discharge of his responsibilities, he may appoint and fix the compensation (up 
to a limit of $19,000 a year, or up to a limit of $21,000 a year for a maximum of 
10 positions) of not more than 260 of the scientific, engineering, and administra- 
tive personnel of the Administration * * *” 


Il. STEPS TO IMPLEMENT THE PERSONNEL AUTHORITY 


In order to provide a method of appointment to key positions in the new pro- 
grams of the NASA as well as to assure the maintenance of the high morale level 
of those employees presently on our staff, the Administrator has approved the 
following items: 

1. A policy statement of objectives regarding the use of positions established 
under this authority. 

2. Salary intervals for positions established under this authority. 

8. Administrative methods for selecting candidates and establishing positions 
to be filled under this authority. 

4. Eligibility criteria for candidates for positions approved under this authority. 


III. POLICY OBJECTIVES REGARDING USE OF POSITIONS ESTABLISHED UNDER SECTION 
203(B) AUTHORITY 


The positions established by the Administrator under authority of section 
203(b) of the Space Act will be used solely to attract and retain the specially 
qualified scientific, engineering, and administrative personnel necessary to main- 
tain this Nation’s leadership in aeronautical and space activities. 

1. It is the Administrator’s objective to set the compensation for such positions 
at levels as nearly competitive as possible with the salaries the incumbents could 
be expected to command in the best modern research and development organiza- 
tions in industry. 

2. Identical criteria for selection to excepted positions will be used with re 
spect to those formerly on the NACA staff and the new employees recruited for 
NASA. 

3. The position and salary will be identified with the incumbent or prospective 
incumbent and will exist only during the period the position is occupied by such 
incumbent. 
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Ivy. SALARY LEVELS FOR POSITIONS ESTABLISHED UNDER THIS AUTHORITY 


4. For not to exceed 250 positions, salary scales in the range of $14,500 to 
$19,000 will be established, initially in $500 levels. For not to exceed 10 other 
positions, rates of $20,000 or $21,000 will be established. 

9, A minimum salary of $14,500 for positions under this authority has been 
adopted in order to provide for an increase beyond the top-of-the-grade rates 
peing paid in GS-15 ($13,970). The Administration proposes to recognize, 
through use of 203(b) position authority, only those with a competence and level 
of mepooeitty opepiee beyond what can reasonably be expected from employees 

e GS-15 level. 
— Depending upon the particular eligibility criteria applicable to each indi- 
vidual, appointments may be made at any $500 increment level within the $14,500 
to $19,000 range. It is an NASA objective to provide pay adjustments in recog- 
nition of performance rather than offer automatic salary increases through lapse 
of time. 


y. METHOD FOR SELECTING CANDIDATES AND ESTABLISHING POSITIONS TO BE 
FILLED UNDER PROVISION OF THIS AUTHORITY 


1. As a regular procedure, the Deputy Administrator, Director of Space De- 
velopment, Director of Aeronautical and Space Research, and the Director of 
Business Administration will recommend to the Administrator the positions and 
individuals to be placed in the 203(b) category and the salary for each individual. 
Other officials reporting directly to the Administrator shall give him appropriate 
nominations of positions and individuals under their supervision who merit 
203(b) recognition. In the consideration of appropriate salaries to be paid indi- 
yiduals, the Administrator shall also obtain the advice of the personnel director 
who shall also serve as secretary in any group deliberations to resolve questions 
on the adminitration of the 203(b) position authority. 

2. The initial list of candidates for appointment to the excepted positions has 
been formulated by a careful ranking by the directors of the research centers 
and the top officials at headquarters of the individuals in order of their perform- 
ance, contributions and future promise. These lists have been intermeshed by 
the Deputy Administrator and his principal subordinates into a consolidated 
list. This ranking procedure has taken into primary consideration the indi- 
vidual’s capabilities and promise rather than simply the organizational level of 
the individual's position. 

8. There will be review of all excepted positions, their salary rates, and candi- 
dates for such positions once each year. The purpose of this review is to assure 
recognition of individuals in excepted positions who have significantly increased 
their contributions and to consider individuals in GS positions who by their 
contributions and potential should be evaluated for possible appointment to an 
excepted position. 

4. The recommendations to the Administrator shall be based on careful evalu- 
ation of individuals in terms of eligibility criteria recommended for each salary 
level. Recommendations will be made upon the basis of advice solicited from 
appropriate sources, such as the assistant directors, research center directors, 
administrative officers and other qualified persons who know the productivity 
and potential of the candidate and who can assess his contribution to the NASA. 


VI. ELIGIBILITY CRITERIA 


The specific determination of an individual’s salary will be based insofar as 
practicable upon the application of the following criteria in assessing an indi- 
vidual’s competence : 


$21,000 

Outstanding, internationally known, and distinguished scientists who direct the 
several broadest areas of aeronautical and space research or developments or 
occupy the highest positions in planning, evaluation, or direction of the Nation’s 
program. 
$20,000 

Outstanding directors of the largest and most important research centers of 
major importance in the Nation’s aeronautical and space research and develop- 


ment programs; or outstanding individuals in the most important top executive 
or staff positions of the administration. 
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$19,000 

Scientists or administrators who head major broad research, development or 
administrative programs, who are nationally known to have had a major in. 
fluence on their broad areas and who rank with the top few experts in their areas 
of research, development, or administration. Also independent, internationally 
known scientists or other key staff officials or executives who have a persona] 
record of sustained and distinguished major contributions which have had far 
reaching influence in their field. 


$18,500 

Individuals who both by their direction of important research or development 
programs and by their own contributions and leadership in a scientific or other 
area are recognized as being outstanding leaders in their field. 


$17,000 to $18,000 

Outstanding heads of important research, development, or administrative pro- 
grams who have made substantial contribution of broad influence in their field 
of work in a manner which has earned them a national reputation of high stand- 
ing and promise. 

Independent consultants and authorities in specialized research, development, 
or other areas, whose work and contributions are well known both in this country 
and abroad and who are considered among the few top specialists in their fields, 


$14,500 to $16,500 

Heads of either broad or highly specialized research or development programs 
(including independent researchers of exceptional talent) whose contributions 
have received at least national recognition and whose potential for growth in the 
broader and more significant scientific or development areas seem sure. 

Also heads of key administrative or technical service programs or other key 
staff assistants whose outstanding performance in the direction of their program 
is unquestioned and their promise of future growth seems certain. 

An individual will be placed in the lower, the intermediate, or the upper level 
of any of the two above-salary ranges in accordance with a determination of his 
maturity, his previous rate of advancement and his relative value to the adminis. 
tration in relation to the individuals who are in the same class level. 

Many, though not all, individuals of superior talent, ability, and creativeness 
naturally tend to be placed in organizational positions of increasing importance 
and level. By this means the organization seeks to widen his capabilities for 
contribution by enabling him to work through and be assisted by others. Thus 
organizational level tends to be an indication or correlate of ability but no auto- 
matic assurance of continued excellence. Therefore, evaluation for assignment 
to excepted positions and salary levels shall be determined primarily in relation 
to the competence of individuals rather than to the organization levels at which 
the incumbents may be working. 

Accordingly, it will be expected that there will be a considerable range of as 
much as $2,500 in the salaries paid individuals with presumably equal organiza- 
tional status. For example, top leaders of broad NASA activities will be com- 
pensated at maximums ranging to $21,000; the maximum for division chiefs in 
excepted positions will be up to $18,000; the maximum for assistant division 
chiefs in excepted positions will be up to $17,000; and the maximum for those 
branch chiefs in excepted positions will be up to $16,000. 


VII. OTHER RELEVANT INFORMATION 


The positions covered by this policy are excepted for pay purposes from the 
provisions of the Classification Act of 1949, as amended, but the incumbent of 
any excepted post retains such tenure, retirement, and status rights in the com- 
petitive civil service as the incumbent may have acquired prior to his 203(b) 
appointment. 

The Comptroller General has ruled that the previous section 313 NACA posi- 
tions must be absorbed within the new section 203(b) NASA authorization. 
Arrangements have been made to transfer all such incumbents immediately. 

There are now 20 individuals transferred to NASA from NACA who hold 
GS-16 positions. The Civil Service Commission has informed NASA in line with 
their practice for other agencies in the past, that we will not retain these GS-16 
positions if we remove any of the individuals from GS-16 for appointment to an 
excepted NASA position. Their justification for this policy is that the Congress 


in giving an agency a special agency package of supergrades or excepted positions 
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intends this special authority will meet the entire needs of the agency. NASA 
as a matter of policy will move into excepted positions any present GS-16 in- 
cumbents as they are judged on the basis of the above eligibility criteria to merit 
salary advancement beyond that available within the GS-16 salary range— 
$14,190 to $15,150. 

T. KeirH GLENNAN, Administrator. 

Mr. Beresrorp. Mr. Chairman, Dr. Newell is here to answer any 
substantive questions the committee may have concerning the Goddard 
Space Flight Center and Wallops Island Station. 

Mr. Futron. Why don’t we have Dr. Newell give us a statement of 
the reasons for the expansion at various facilities? That is, the pro- 
grams, the expenses that are necessary by way of salaries, and these 
various incidental expenses, that are reasonably caused by such an 
expansion of programs ¢ 

Don’t do it now. 

Mr. Kine. Let me say this: Do any of you other gentlemen have 
prepared statements that you would like to give at this time ¢ 

Mr. Umer. No, sir, Mr. King. We are here to answer your ques- 
tions. 

Mr. Kine. We appreciate that very much. 

Dr. Newell, will you get into the record then a short statement along 
the lines of Congressman Fulton’s request ? 

Mr. Newetw. Yes, Mr. Chairman. 

Mr. Kine. Stating briefly, in fact, you might just have a few sen- 
tences on each one of these items. I know this committee has received 
testimony on these before several times, but in order that it might 
appear in our particular record in outline form, 

r. NEWELL. Yes, be glad to. 

Mr. Kina. So that it will be easy for us Congressmen to go to one 
place and get the material that we need to prepare ourselves for this 
particular aspect of the total budget. 


Goddard Space Flight Center 


Pernennel strength, June 30, 1000... 1, 214 
Requested personnel strength, June 30, 1961__...-_-_------------«_---- 2, 000 


The personnel increase of 786 positions at the Goddard Space Flight Center 
is required by 2 considerations, one of organization and one of program 
responsibility. 

The center is a new laboratory and as such drew its initial staffing from the 
highest professional levels of the former NACA, the Vanguard team of the 
Naval Research Laboratory, and from other Government and non-Government 
sources. The initial staffing formed a cadre of scientific experience and talent 
upon which to build professional teams. Since the center is at present operating 
in small, diffuse groups at four different locations, the required administrative 
and technical support can be bought as services from the host organizations. 
During fiscal year 1961, however, the center will begin to occupy its own labora- 
tory facilities at Beltsville, Md. There, in a centralized and coordinated envi- 
ronment, the center can best carry out its three missions: the sounding rocket, 
earth satellite, and manned space flight programs. Effective execution of these 
programs by the professional staff requires an adequate number of supporting 
personnel. Where the current ratio of professional to supporting personnel is 
1 to 0.8, the fiscal year 1961 position is expected to be 1 to 1.3. This increase 
will free the technical staff from administrative functions not properly in their 
fields, will provide a self-sufficient laboratory operation, and will provide the 
needed manpower to carry out the increased program assigned to the center. 

During fiscal years 1959 and 1960 both the center and the NASA were just 
entering the field of space exploration. During fiscal year 1961, however, the 
major program results will begin to be evident, The program responsibility 
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is increasing; some $190 million will be directed or spent by the center during 
fiscal year 1961. The number of high-altitude rocket soundings will increase 
from 35 to 90 per year. Four major geophysics payloads, a lunar probe, a 
meteorological and a communications satellite will be completed, launched 
tracked, and will yield data for analysis. Ten other major payloads will be 
under development. The most vital steps of Project Mercury, including manned 
orbital flight, are planned. Lack of personnel in any of these areas could hold 
the program below the known technological capabilities and scientific needs, 


Wallops Station 
Personnel strength, June 30, 225 
Requested personnel strength, June 30, 1961_-__-_---------~--------______ 300 
Fiscal year 1961 increase "5 


The reasons for the modest personnel increase requested for the Wallops 
Station are closely tied to the program evolution that has taken place over the 
last 18 months. During fiscal year 1961, Wallops will be called upon to launch, 
track, telemeter, and recover about 50 percent more sounding rockets than 
before. The first scout vehicles will be available for satellite and probe launch- 
ings. The Bermuda tracking stations, tied in as part of the Mercury network 
but manned by Wallops, will be coming into operation for the first time. These 
are considerable increases to the Wallops workload, with no compensating re- 
duction elsewhere. It is this increased workload that requires additional 
staffing. 

Mr. Beresford, do you have some questions that you would like to 
ask at this time ? 

Mr. Beresrorp. Yes, Mr. Chairman. 

Mr. Furron. Just before you start into that, may we go off the 
record. 

(Discussion off the record.) 

Mr. Furron. Would you please supply for the record a job classi- 
fication that would apply at the top favel, just under the Adminis- 
trator and Deputy Administrator, to the program formation respon- 
sibility, particularly in reference to the duties of Dr. Abe Silverstein? 

I would ask for another job classification on the carrying out of the 
responsibility of carrying-out programs which is now under the des- 
ignation of Associate Administrator and the designated responsibility 
of Richard Horner on appointment by the Administrator? That is 
all I have. 

Mr. Umer. I will be happy to supply those position descriptions 
for the record, Mr. Fulton, together with a copy of the letter Dr. 
Glennan is preparing on the general subject of the additional statu- 
tory position which you discussed in an earlier hearing. 

Mr. Kina. Mr. Beresford. 

Mr. Brresrorp. Mr. Chairman, this subcommittee was asked by the 
committee chairman to consider the provisions for variation in this 
bill, in addition to the salaries and expenses items. I would like 
to ask Mr. Ulmer whether the provisions for variation in this bill 
are identical to those in H.R. 7007 of last year and, if there are any 
a provisions, what they are, so that the subcommittee could consider 
them. 

Mr. Unmer. Mr. Beresford, the provisions for variation are identi- 
cal to those included in last year’s bill. There is one new item, section 
9-D, on page 3 of the bill before you, which would permit the Admin- 
istrator, for emergencies and extraordinary expenses, to use up to 
$20,000 of the research and development appropriation. 

This is the only new item in the bill. 
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Mr. Futron. Could you refer to those provisions exactly in each 
ease so that we have the wording at this point in the record. 
Mr. Utmer. Yes, sir. Section 9—D reads as follows: 


Appropriations for research and development may be used in any amount 
pot to exceed $20,000 for emergencies and extraordinary expenses upon the 

roval or authority of the Administrator and his determination shall be 
final and conclusive upon the accounting officers of the Government. 


This is H.R. 10246, Section 9-D. This is authority that is sub- 
stantially identical to authority contained for many other agencies 
of the Government, Mr. Fulton. 

Mr. Futron. Now then, the previous authority, could we have that 
mentioned ¢ 

Mr. Beresrorp. May I ask first about this one ? 

Mr. Furron. I would like both the provisions put together so you 
can see them. 


Mr. Utmer. This is a new one, sir, this did not appear in last 
year’s bill. 

Mr. Beresrorp. Is this identical in every respect to the authority 
ted other agencies, including the $20,000 limit? 

Mr. Utmer. I am not sure of the exact amounts. I know it is 
certainly not in excess of that available to other agencies. The AEC, 
for example, has $30,000 available for this purpose. 

Mr. Breresrorp. What is the reason for the provision? Just to pro- 
vide for additional breakthroughs ? 

Mr. Urmer. It is to provide the Administrator with a very modest 
fund for representation allowances, and for expenses involved in con- 
sultation with foreign scientific officials primarily. 

It will be mainly used to cover expenses involved in the visits of 
foreign scientific dignitaries. “Extraordinary expenses” refers to 
those not budgeted for and not otherwise authorized, but deemed 
desirable by the Administrator personally. 

Mr. Beresrorp. In answer to your earlier question, Mr. Fulton, 
the other provisions for variation are these: 


(ec) Appropriations for “research and development” may be used for any 
items of a capital nature (other than acquisition of land) which may be required 
for the performance of research and development contracts: provided, that 
none of the funds appropriated for “research and development” pursuant to 
this act may be used for construction of any major facility, the estimated cost 
of which, including collateral equipment, exceeds $250,000, unless the Adminis- 
trator or his designee notifies the Committee on Science and Astronautics of 
the House of Representatives and the Committee on Aeronautical and Space 
Sciences of the Senate of the nature, location, and estimated cost, of such facility. 

(d) Appropriations for “research and development” may be used in any 
amount not to exceed $20,000 for emergencies and extraordinary expenses upon 
the approval or authority of the Administrator and his determination shall 
be final and conclusive upon the accounting officers of the Government. 

(e) When so specified in an appropriation act any amount appropriated for 
“research and development” and for “construction and equipment” may remain 
available without fiscal year limitation. 

Sec. 2. Authorization is hereby granted whereby any of the amounts prescribed 
in subparagraphs (1), (2), (3), (4), (5), (6), (7), (8), (9), of subsection 
l(b) may, in the diseretion of the Administra._r of the National Aeronautics 
and Space Administration, be varied upward 5 per centum to meet unusual cost 
variations, but the total cost of all work authorized under such subparagraphs 
shall not exceed a total of $122,787,000. 

Sec. 8. Any amount, not to exceed $5 million, of the funds appropriated for 
“Construction and equipment” pursuant to this act, may be used to construct, 
expand, or modify laboratories and other installations, if found by the Admin- 
istrator to be necessary because of changes in the national program of aero- 
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nautical and space activities or new scientific or engineering developments ang 
if the Administrator determines that deferral until the next authorization ae 
would be inconsistent with the interest of the Nation in aeronautical and space 
activities, and in connection therewith to acquire, construct, convert, rehabjlj- 
tate, or install permanent or temporary public works, including land acgquigj- 
tion, site preparation, appurtenances, utilities, and equipment: Provided, That 
‘upon reaching a final decision to implement, the Administrator or his designee 
shall notify the Committee on Science and Astronautics of the House of Repre. 
sentatives and the Committee on Aeronautical and Space Sciences of the Senate 
of the cost of such construction, expansion, or modification including those reg} 
estate actions pertaining thereto: Provided further, That no such funds shall be 
used for construction, expansion, or modification if authorization for such ¢op- 
struction, expansion, or modification has been previously denied by the Congress; 
and additional appropriations are hereby authorized for purposes of this section 
in the amount of $5 million. 

Mr. Furron. Then you have the provisions for variation in the 
original act. Let’s put that in the record so that we can have the 
whole setup. 

Mr. Beresrorp. Yes, sir. 

There are a couple of items I noticed in looking over the budget 
book. One is the considerabie, relatively great increase in the cost of 
travel. That is five-fold, I notice for fiscal 1961 over fiscal 1959, 

Mr. Ulmer, you did say that that was largely accounted for by the 
ABMA transfer. 

Why would so much more travel be required ¢ 

Mr. Umer. First, Mr. Beresford, your statement of five-fold is 
correct in comparing 1961 to 1959. 

Mr. Brresrorp. Yes. 

Mr. Urmer. The current allotment for the fiscal year 1960, however, 
is $2.866 million which we are asking be raised to $5.849 million in 
1961; that is slightly more than a two-fold increase. 

The major item of increase here is $1.28 million for travel for the 
5,500 people being brought over with the Huntsville facility. We 
are required in 1961, to pay for all of their travel costs. 

Mr. Basderonn, No matter where they go? 

Mr. Utmer. Regardless of where they go. 

Mr. Beresrorp. And you base that.on experience of previous years 
at Huntsville, that is their expenses of previous years? 

Mr. Utmer. Based on their experience in previous years, plus our 
estimate of their travel needs required to carry out their NASA 
mission. The other item of increase comes about because of the 
increased travel needs for the Goddard Center where we are activati 
tracking stations for the first time in 1961. This will involve consid- 
erably more travel. 

Mr. Beresrorp. One other thing: I noticed on page 40 an item for 
research contracts, which was $816,510 for fiscal year 1959 and nothing 
for this or the next fiscal year. Is that because of a transfer from 
Salaries and Expenses to Research and Development ? 

Mr. Uxmer. Yes, the $816,510 was the amount obligated by the 
NACA in the fiscal year 1959; in 1960 and 1961 these costs are carried 
under the Research and Development appropriation. The amount in 
1960 is approximately $5 million and in 1961 it is approximately $10 
million under the Research and Development section of the budget. 

Mr. Beresrorp. I see. 

Where do you include your expenses for nonscientific research, such 
as contracts for management studies or legal studies or anything of 

that nature? Are those Research and Development / 
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Mr. Utmer. Those are included under Research and Development, 
object 07, under the line item called “Support of Plant.” 

Mr. Beresrorp. Have you any oversea offices or personnel ? 

Mr. Utmer. Only to the extent that we have people located at 
tracking stations, no other oversea offices. _ 

Mr. Beresrorp. How did you fund Project Mercury in the current 
fiscal year? Weren’t there some transfers involved from other 

ies 
ie. Umer. Not during the current fiscal year, sir. The money was 
entirely through appropriation. : 

Mr. Beresrorp. Just a couple of other things, Mr. Chairman. 

In looking at this bill, I could not find any reference to Edwards 
Air Force Base. I see there is one up there on the chart. I suppose 
that is the flight research center in California ? 

Mr. Utmer. Yes. 

Mr. Breresrorp. I don’t know where that is in the bill. 

Mr. Utmer. You will not see it in the bill, sir, because the line item 
authorization by location in the bill is for construction and equipment 
only, and there is no construction and equipment being requested for 
that station in 1961. The amounts shown on this chart are for salaries 
and expenses. : 

Mr. Beresrorp. I also found no reference to the Pacific Missile 
Range in the bill, although I saw in the budget book that you are 
evidently establishing an office there for the coming fiscal year. 

Mr. Utmer. Yes. Again there are funds included under the item on 
the chart called “Ljaison, Various Lecations,” which includes the 
salaries and expenses for about Six people, I believe, at that station. 

Mr. Beresrorp. Where does that appear ? 

Mr. Umer. It would not appear in the line item authorization in 
the bill because there are no construction and equipment funds being 
requested for that office. 

Mr, Beresrorp. Mr. Chairman, I have no further questions. 

Mr. Kine. Mr. Fulton, do you have further questions ? 

Mr. Fuutron. May I thank the witnesses for their full cooperation 
and their hearty response to the questions of the Members of Congress 
sitting today on this committee as well as the cooperation of Mr. 
Spencer Beresford, our special counsel. 

I would like also to note in the record the excellent job that has been 
turned in by the chairman on presiding this first time as chairman of 
asubcommittee. 

Mr. Kine. May I concur in your expressions of gratitude and 
appreciation of all those who have participated and assure you repre- 
sentatives of NASA that we shall fs all in our power to defend * sn 
worthy items, and as far as we can tell, they are all worthy items. We 
will see that they are properly defended when they come up on the 
floor of the House and we appreciate your helping us get the facts so 
that we will be able properly to take care of them. 

Mr. Utmer. Thank you, Mr. Chairman. 

(Discussion off the record.) 

Mr. Krxe. The subcommittee will be adjourned. 

(Whereupon, at 3:30 p.m., the subcommittee adjourned subject to 
call of the chairman. ) 


[EXECUTIVE SESSION] 
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TUESDAY, FEBRUARY 23, 1960 


House or REPRESENTATIVES, 
COMMITTEE ON SCIENCE AND ASTRONAUTICS, 
No. 3, 
Washington, D.C. 
The subcommittee met at 2 p.m., in room 214-B, New House Office 
Building, Hon. Victor L. Anfuso, Chairman of the subcommittee, 
presiding. 


STATEMENT OF ALBERT SIEPERT, DIRECTOR, OFFICE OF BUSINESS 
ADMINISTRATION, NASA, ACCOMPANIED BY: WESLEY L. HJORNE- 
VIK, DEPUTY DIRECTOR, OFFICE OF BUSINESS ADMINISTRA- 
TION; RALPH E. ULMER, BUDGET OFFICER; ROBERT G. NUNN, JR., 
ASSISTANT GENERAL COUNSEL; DAVID KEYSER, CHIEF CON- 
GRESSIONAL LIAISON OFFICER 


Mr. Anruso. All right, gentlemen, Let us resume these hearings. 

We have present here today Mr. Siepert ? 

Mr. Sievert. Yes, sir. 

Mr. Anruso. Mr. Hjornevik? 

Mr. Hsornevix. Yes. 

Mr. Anruso. Mr. Ulmer, Mr. Nunn, and Mr. Keyser. Is that 
correct ? 

Mr. Stepert. Yes, sir. 

Mr. Anrvuso. All right. 

Let me ask you gentlemen this question: Does the NASA request 
9 — of additional excepted positions for use at the Huntsville 

acility 

Mr. Eeshonw. We undoubtedly will. We have not officially as yet, 
but we will be submitting a request. 

Mr. Anruso. And do you think that you will be doing that within 
the next few days? 

Mr. Srerert. Yes, sir. We will accelerate our planning on that in 
an effort to meet your schedule. 

Mr. Kina. Will the gentleman yield? 

Mr. Anruso. Yes. 

Mr. Kina. Will that change these figures? 

Mr. Srevert. It will not the dollar no, sir. 

Mr. Kine. Why will it not change the figures 
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Mr. Sterert. It will not actually change the overall number of peo- 
ple we ask for. The amounts of money that it will require over the 
GS-15, pay level which is what most of these people who would get 
these excepted positions are now paid, will not be a substantial sum, 
So we would not plan to submit a request for a change in the amount 
of personal services. Our personal service costs will he slightly more, 
but when you are dealing with a 5,500-man organization, the small 
increments that these would involve probably would not mean q 
change in the present submission of the budget. 

Mr. Kine. Thank you. 

Thank you, Mr. Chairman. 

Mr. Anruso. I suppose you are going to first clear your request with 
the Bureau of thé Budget, is that correct? ~~ 

Mr. Srepert. In accordance with our regular procedure, we would 
do that, yes, sir. 

Mr. Anruso. Can you tell us now how many vacancies NASA has 
in the $19,000 and $21,000 positions ? 

Mr. Sievert. Only one, sir, I believe, and that is committed and held 
for Dr. Von Braun when he comes with us. 

Mr. Beresrorp. Are you speaking of the $21,000 positions ? 

Mr. Sievert. No, I understood the chairman’s question to be in the 
range from 19 to 21. ' 

Mr. Anruso. No. The question is, how many vacancies you have in 
the $19,000 and $21,000 positions ? 

Mr. Sievert. I understand. You ask a twofold question: First, of 
the 256: pogtions Jwhich we may pay. up.to $19,000, how mary are 
vacant 

Mr. Beresrorp. That is right. 

Mr. Sterert. And second, how many are vacant in the range above 
$19,000. 

Pardon me just a moment. I brought that material. Let me get it 
out of another document I have here. 

Lets first start with the positions above $19,000, of which there are 
10 authorized under the act. There are nine of these filled and the 
remaining one is committed and will be held so that we may raise 
Dr. Von Braun’s salary when he comes with us. 

Mr. Anruso. That one is in special reserve for Dr. Von Braun? 

Mr. Sreperr. That is right. All ten are committed. 

Mr. Anruso. That completes that portion. 

Mr. Srevert. Yes, sir. 

Mr. Anrvso. All right. 

Mr. Sierert.. Of the positions that pay up to and including $19,000, 
199 of these have been filled and there are commitments to individuals 
pending on 10 others. 

Mr. Anruso. That is 209? 

Mr. Sievert. That is correct, as of February 23. 

Mr. Anruso. How many will you have left ¢ 

Mr. Sterert. We will have 41 positions left, based upon that cal- 
culation. Now, against those 41, we are currently making 3 kinds 
of reserves. 

First, we have just had a study completed for us by an outside 
group of scientists on what NASA should be doing in the field of 
biomedical sciences. There is a broad gap in research here, that is, 
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in terms of how does man adapt himself to the conditions of outer 
space flight. This is a part that is really not covered in our program 
at the present time. 

Basically, in handling the Mercury Project, for instance, we are 
using present engineering knowledge, rather than developing new 

hysiological or medical data, to assure the survival of the astronaut 
for the short period of time that is involved. This, then, represents 
a whole area that we have gone into very slowly because it could be- 
come very expensive or it could be poorly done. 

Mr. Anruso. Have you started to work on that? 

Mr. Sterert. We have just completed a study of the biomedical 
space sciences that I have not yet seen. But Dr. Glennan for the last 
§ months has requested that we reserve 10 positions of the 250 so that 
we would be able to bring top-flight people into this field, if in fact 
that were our decision to start this program. 

Mr. Anruso. That will further reduce the figure? 

Mr. Sterert. That would reduce this 41 by 10. 

Mr. Anruso. To 31. 

Mr. Sterert. That is right. 

Mr. Anruso. You have 31 left ? 

Mr. Sievert. That is right. 

Mr. Anruso. What do you intend to do with those 31 

Mr. Sievert. In addition to this, the present staffing we have 
worked out in headquarters, the committee will recall I did present 
some reorganization of our headquarters staffing in order to take on 
this larger program now with Dr. von Braun coming. Our plans 
are that some, I believe it is 14, other specialty and technical jobs 
will emerge in headquarters that will be excepted positions. 

Mr. Anruso. That would leave 17. 

Mr, Stevert. There are three positions in the committed figures that 
I gave you which are already allotted by us to the Huntsville opera- 
tion. So there are 3 Huntsville slots in the 209 jobs and 17 other 
positions, vacant positions, which will be made available to Dr. von 
Braun’s group. 

Mr. Anruso. That is already committed ¢ 

Mr. Stevert. That is right. 

Mr. Anruso. That leaves you now another 14. 

Mr. Srerert. In other words, to recapitulate then, of the 41 posi- 
tions that are left we are holding 10 of those for biosciences program, 
14 are tentatively shown against headquarters positions that have 
not yet been filled, 17 will be made available for the Huntsville group, 
and to this we add 3 in our presently committed group which are 
already allotted to Huntsville. 

One other piece of arithmetic to round this out: The President’s 

lan does provide that the supergrade or Public Law 313 positions 
rom the Department of Defense’s allocation, which are held by 
any members of the Von Braun team that are coming with us, these 
will stay with the men. 

Mr, Breresrorp. They will? 

Mr. Steperr. Yes. 

Now, there are 19 such positions at the present time in the Develop- 
ment Operations Division. Eighteen of A wis under the present plan- 


ning will be moving to NASA. The sole exception is Dr. Arthur 
52493 


t 
a 
h 
d 
n | 
f 
t 
8 
8 ‘ 
), 
Is 
|. 
s 
le 
f 


254 1961 NASA AUTHORIZATION 


Rudolph, who is the Pershing project director and under the ap. 
rangements we have made with the Army, the man who directs the 
Pershing system will stay with the Army until that work can be 
completed. Then he will be joining us. 

So there will be 18 positions that come over with the group when 
the transfer becomes effective. 

Now, grouping those figures again, then, you have 18 transferring. 
you have 17 new positions, plus 3 which we have already committed 
to people, which is a total of 38 excepted positions that will be 
available to Dr. von Braun’s group. 

Mr. Beresrorp. They don’t seem to be badly off. 

Mr. Strerert. You mean with respect to Huntsville / 

Mr. Beresrorp. Yes. 

Mr. Srevert. Well, they will be better off than they were under 
the Army allocations, when they were competing with the entire 
Department of Defense. 

One must also make the comparison of their staff against the rest 
of the NASA staff. This is, of course, where we feel a major obliga- 
tion to see that this Huntsville group achieves the same kind of salary 
recognition as their competence would merit if they were working at 
one of our other research centers. 

On this basis, the 38 jobs will give them, we figured out, about 3 
percent of their total engineers and scientists in the excepted-position 
category. That is slightly less than is the overall NASA field experi- 
ence, that is, in its other research centers combined. 

(Discussion off the record.) 

Mr. Anruso. Will all the excepted positions requested by NASA 
be filled with scientific or engineering personnel engaged in research 
and development ? 

Mr. Sreperr. Of the additional ones we will ask for, yes, sir, I 
believe so. 

Mr. Anruso. They will all be limited for these specific purposes, 
scientific or engineering personnel, not administrative / 

Mr. Sievert. May I take a moment to answer that question? In 
terms of the future requirements we will be coming up with, this is 
probably correct. In terms of our past history, I would like to point 
out that a small proportion of these have been used for key executive 
personnel. It was the intent that they be covered by the National 
Aeronautics and Space Act. 

I believe our requirements in this area covered 12 positions in the 
key executive areas, and at Huntsville, where we have a very major 
management operation, exceeding in difficulty that at any of our 
other centers, we are planning that three more positions which I 
would call key executive positions, will be excepted. 

However, by the criterion of whether they are engineering or scien- 
tific, it happens that two of those three are technical engineers per- 
forming executive posts. 

Mr. Anruso. Now, I would like to ask Mr. Nunn what are the pur- 
poses of subsection 1(d). Just give us a brief explanation for it, if 

ou will. You had something in mind when you asked for that 
anguage. Isthat correct ? 

Mr. Nunn. That is correct. 
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Mr. Anrvuso. I would like to know how you got the language and 

st how you arrived at that figure. 

Mr. Nunn. Yes. I would be happy to. | 

The language in subsection (d) is derived from the similar pro- 

yisions for the military departments. In the fiscal year 1959 Appro- 

riations Act, for example, for the Army and for the Air Force and 

a the Navy, there are provisions for emergencies and extraordinary 

expenses to be used upon the approval or authority, in that case, of 
ecretary. 

Are those words specifically used ¢ 

Mr. Nunn. The words that are specifically used are “emergencies 
and extraordinary expenses,” and the phrase “approval or authority” 
in that case of the Secretary, and the phrase “shall be final and con- 
clusive upon the accounting officers of the Government.” 

Now, those phrases come right out of military appropriations acts 
which are repeated every year. 

Our purpose in adopting that language is that it was tried and 
tested language. We were not desirous of departing in some radical 
way from past governmental practice. 

Discussion off the record.) 

Mr. Anruso. All right. Complete your answer forthe record. You 
had other examples to give. 

Mr. Nunn. | was simply going to say a word about the meaning of 
this, before getting to these other ex:umples, Mr. Anfuso. 

The phrase “emergencies and extraordinary expenses,” we take to 
mean unusual and unforeseen expenses, in a budgetary sense, 

In the administration of a program such as ours, occasions arise that 
call for minor small expenditures for which there is no clear-cut au- 
thorization or appropriation, and the fact that they may occur fre- 

uently doesn’t mean that they are therefore usual. It means that 
io are unusual and extraordinary expenses in a budgetary sense. 

For example, oversea representation allowances, which I think we 
understand the meaning of the term generally, are contemplated to be 
allowable under this provision. 

Mr. Anrvso. Not covered by counterpart, you mean ? 

Mr. Nunn. That is correct. 

Consultation expenses and other expenses here in Washington with 
visiting scientists and governmental administrators of other govern- 
ments, or, indeed, other private agencies within the United States. 

Likewise, it should be pointed out that these unusual and unfore- 
seen expenditures can be authorized under this provision only by the 
head of the agency. 

Finally, let me say that the figure of $20,000 we regard merely as a 
modest figure. 

Mr. Anruso. I would go further. I would call it petty cash in a 
billion-dollar corporation, or more. Isn’t that right? 

Mr. Nunn. I think in that light it becomes a rather small item. 

Mr. Anruso. Well, it is very small. 

Am I correct in saying that the Army, Navy, and Air Force, their 
figures run into $10 million or more? 

Mr. Nunn. My recollection, Mr. Anfuso, is that the Army and the 
Air Force have funds respectively amounting to more than $5 million 
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each, and that the Navy has a fund similar to this in excess of $19 
million. 

Mr. Anruso. Am I also correct that the Atomic Energy Commis. 
sion has a special provision similar to this where the amount is $30,009 
specifically for entertainment purposes 

Mr. Nunn. That is correct. 

(Discussion off the record. ) 

Mr. Nunn. I would like to direct your attention to Public Lay 
86-164, which is the Atomic Energy Commission Appropriation Act 
for 1960, which states, “For official entertainment expenses not to 
exceed $30,000.” 

That language is in their Appropriation Act. 

Mr. Anruso. That is what on reference to. 

All right. Let me ask you one or two more questions, and then I 
will be through. 

In other words, you are satisfied with that language, “emergencies 
and extraordinary expenses,” which is taken from other appropriation 
acts; is that correct ? 

Mr. Nunn. That is correct. 

Mr. Anruso. Now, on this personnel distribution, let me ask you a 
question which has been suggested by my esteemed colleague, Mr, 
Fulton. 

How does NASA justify its present complement of legal, admin- 
istrative, liaison, and public information personnel, and the con- 
centration of its employees at Washington headquarters? 

Now, who would like to answer that question ? 

Mr. Steperr. I would be glad to speak to it. 

Mr. Anruso. Mr. Seipert. 

Mr. Sievert. Our justification, I think, can be stated this way: If 
one considers the kind of technical operation we have to perform and 
then the numbers of people that NASA places in Washington to co- 
ordinate a technical program with administrative support that is 
spread all over the country, I think one will find that the concentra- 
tion in Washington is very, very low for an independent agency. 

Mr. Anruso. By comparison ? 

Mr. Srepert. That is right, in comparison with other Government 
agencies. But of the NASA total appropriations, less than one and 
a half percent of it goes into what might be called in the broadest 
sense, program direction or headquarters coordination. Even in that 
dollar figure is included the cost of our western office which is 
regionally carrying out certain kinds of coordination, liaison, and 
servicing function. It is feeding into the Washington headquarters 
certain program information. The total Washington operation, I 
believe, has a requirement of about 680 jobs for the entire 
headquarters. 

If one compares this against 16,000 people which we now have, 
plus the 2,400 contract personnel at the Jet Propulsion Laboratory 
that are being used, as an extension of our inhouse capability to do 
hardware development, I think the committee would find that 680 
in headquarters is actually a very conservative kind of staffing in 
order to keep on top of a fast-moving program such as this. We can 
furnish the committee a statement of how this headquarters-to-field 
ratio compares with some other agencies. 

Mr. Anruso. Please do. 
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(The information requested is as follows :) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Federal employment data for selected independent agencies—Data as of Dec. $1, 
1 


959 

Headquarters Agency Percent 
Name of agency employment | employment | headquarters 

to total 

] Aeronautics and Space Administration............__ 1 533 29, 804 5.4 
uations 216, 000 4.3 
ie Energy Commission , 677 6, 620 25.3 
Administration. 3, 652 172, 954 2.1 
General Services Administration d 2, 555 27, 326 9.3 
Gervice Commission... 1, 718 3, 594 47.9 
a 2, 556 10, 812 23.6 
small Business Administration. 503 2, 122 23.6 


1 Authorized. 

Does not include Huntsville. ; ; 

3 Planned staffing for July 1, 1960, includes Huntsville. All figures except NASA are close approximates 
and do not take into account temporary or part-time employment. All figures for other agencies are as of 
December 31, 1959. 


Mr. Anruso. Now, lam through. 

Mr. Fulton ? 

Mr. Furron. I had given a form to Mr. Beresford this morning. 
Do you have everything included ? 

Mr. Beresrorp. Yes. 

(Discussion off the record.) 

Mr. Futron. Are we making adequate use in NASA of engineering 
and scientific talent, as an overall policy? Are you using the skills 
and the scientific know-how, rather than let it be diverted for other 
purposes ¢ 

Mr. Sievert. We believe we are. 

If I may, let me speak about three aspects. First, the great bulk 
of our personnel, scientific, and technical, are as you know, in the 
field, actually in research laboratories or development centers. 

In each of these centers it has been our policy to keep a continuous 
watch on utilization of skills. The director of each of the centers 
has set up a skills utilization group, we call it a personnel utilization 
committee, of top-level people in that organization. 

Mr. Futon. Do we have time to get a statement in the record on 
that, or do you want to take the time now? 

Mr. Srererr. I will be happy to outline it briefly here. This has 
actually been an arrangement that has worked out very well. Second, 
with the cooperation of the Civil Service Commission, NASA’s prede- 
cessor, the NACA, developed an entirely new series of position classi- 
fications that were built around the special skills of aeronautical 
research scientists. 

By using these two tools intelligently, we have done a far—we 
believe—a far better pinpointing of the specific skills a man has and 
we have matched those skills with the job that he actually does. 
In other words, we aren’t using what I would call generalized or 
shotgun position classifications. We are tailormaking them for the 
particular job a man can do. 
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With this system, it is much easier to see that a man is real} 
developing along the line of his abilities rather than being put into 
a bypath that is of no interest to him. 

The third aspect of the question relates to the headquarters oper. 
ation in NASA. 

You may recall that when we came before you a year ago and first 
announced our plans, Dr. Glennan made a point of the fact that he 
didn’t see how a civilian space effort could operate with an effective 
utilization of the country’s technical manpower, unless NASA could 
build in Washington an in-house capability of highly qualified tech. 
nical and executive people who would be willing to make the tough 
program decisions, the go or no-go decisions as to whether to support 
this line of research or another line of research. 

Now, if there were plenty of money, plenty of resources and plent 
of people, we might not organize the program in this same way, W, 
could consider supporting concurrent lines of approach, figuring out 
two or three possible ways to one goal, and then probably funding 
two or even all three of the possibilities, though maybe not at the 
same pace. 

Now, we are trying to minimize the need for concurrent approaches, 
But to do it, we have got to be sure we have on tap in the headquarters 
the very best brains we can find to help choose where NASA is going 
to bet its money. 

This is one of the reasons that you will find in our headquarters 
operation a fairly large number of excepted positions. 

We have had to use these positions as a means of enticing really top 
quality, brilliant, and fortunately quite young people, as you may have 
seen from their coming and testifying before you. 

Mr. Anruso. The people who are right here, I think they are all 
young men. 

Mr. Sievert. These are some of the ones we are betting on to make 
sure we make as few mistakes as possible with the money entrusted 
to us. 

Mr. Anruso. And in the long run that saves money, too, doesn’t it? 

Mr. Srerert. It should. 

Mr. Anruso. Mr. Fulton? 

Mr. Futton. NASA then is a specific and a new kind of an agency 
that requires scientific know-how on deciding between the programs as 
to major policies? 

Mr. Stepvert. Yes, this is right. 

Mr. Fuuron. And it is much different, then, than another kind ofan 
agency that is run more on principles that would involve the ordinary 
economics, the market and the rise or fall of prices and the prices of 
materials, forexample? It isa much different kind of a decision being 
made by these executives, is it not ? 

Mr. Srepert. Yes, sir. One could operate the program so that 
someone at the headquarters level primarily makes administrative 
decisions, based upon staff work that had come in from industry, and 
chooses without technical review which industry proposal appears 
best, or which proposal from a research center. 

Of course we do make such choices, but the one thing we have not 
thrown away is that we retain at headquarters independent technical 
people who, in the end, will take responsibility for saying which ap- 
proach is the most likely road. 
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Now, we do not consider that administrative work. It isan essential 
rt of the process of making informed technical decisions at the top 
evel in an agency. Perhaps this may make our agency somewhat 
Unique in that respect. 

Mr. Furron. What is your position in competition for scientists and 
engineers with private industry ? 

r. SrepertT. The Government is still in a hi « poor position, to com- 

te with industry for top-flight skills. I think the excepted position 

authority under the National Aeronautics and Space Act has been a 

help primarily in our keeping the nae whom we have developed. 

ti does not provide salary levels which permit us to go out and draw 

from industry the people who have equivalent or better competence 
than those that we have raised in our own laboratories. 

Mr. Anruso. They can take away from you, but you can’t take away 
from them; is that correct ? 

Mr. Sievert. Yes. 

Mr. Dapparto. Will the gentleman yield ? 

Mr. Futron. Yes. 

Mr. Dappario. If that is so, how do you correlate that statement with 
one you made just previously that you would rather do your own staff 
work rather than take the planning and staff work that comes from 

rivate industry if the people in private industry are more competent 
incertain areas than your people ? 

Mr. Srevert. I don’t think I meant what my statement may have 
implied to you. 

Mtr. Dappario. You would have the skilled people who would make 
these great decisions and you would be doing the staff work within 
this agency which you say has to be here in Washington or should 
be here in Washington, and then your later statement was that you 
are not in good posture so far as competition for scientists and brains 
with private industry. And somewhere along back, you referred 
to the fact. that you would rather not accept the staff work or the 
planning that comes from the staff work of private industry insofar 
as proposals were concerned. 

Mr. Sievert. May I start with the last part of your comment? 

Mr. Dapparto. Yes. 

Mr. Stererr. I want to emphasize that we do not feel it is a sound 
Government program for us to accept unreviewed those staff pro- 
posals which come from industry. 

Mr. Dappario. How would they be unreviewed if you—you 
wouldn’t be getting a staff proposal unless you had given industry 
some sort of a recommendation or given them some kind of an idea 
as to what you want. 

Dr. von Braun before this committee mentioned the fact. that. he 
did have some kind of a hearing down South somewhere where a lot 
of industry representatives were, and he was impressed by the high 
order of their knowledge in this whole Saturn area. 

weg d would submit plans and staff reports, I should imagine, only 
after knowing in which direction you people were headed. I don’t 
think they are coming in arbitrarily from the outside. 

Mr. Stererr. I am familiar with this industrial conference Dr. 
von Braun was talking about, since some of us helped his staff prepare 
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for it. That briefing conference was preceded by 1,200 man-hours 
of engineering analysis by Government people before that proposal] 
ever went out to the industry. In order to establish just the point 
you make, the Government must first know what it is we want to 
ask for in these competitive proposals. 

Now, when industry comes in with their proposals on the 29th of 
February, we will then have Government personnel go into a source. 
selection board procedure. It will take about a month for the Goy.- 
ernment people to be able to review and evaluate every assertion and 
proposal made by however many companies come in on that bidding, 

This takes a very high order of technical competence. 

Mr. Dapparto. Then what you are doing is what I think you ought 
to be aiming at, correlating the skills that exist within industry to- 
gether with those of your own. 

Mr. Stererr. Yes. 

Mr. Dappario. And you certainly are willing to take staff proposals 
from industry in order to help pursue your own work to a proper 
conclusion. 

Mr. Steverr. I did not mean to suggest that we will do the complete 
blueprinting and merely tell industry: Build us a “bread box” that 
looks exactly thus and so. 

No, this is a partnership of skills, but the Government cannot afford 
to put its reliance completely on industry to tell Government what is 
in the Government’s best interest to do. This has to be a partnershi 
in which our own people have the technical competence to judge these 
proposals independently. 

Now, back to the other part of your question, if I may: The Gov- 
ernment laboratories which have been created primarily under the 
NACA but now also under NASA, and the Army, namely, Hunts- 
ville, Goddard, Lewis, Langley and Ames, these, individually and 
together, represent a unique breeding ground for top-flight research 
and development engineers and scientists. 

I would say it is unique in the sense that the opportunities that our 
people can get, in terms of physical facilities and type of projects 
available, or not equaled in industry. 

If we can get people into that environment early enough and get 
them so enthused about the research and development work there, they 
will make Government a career, so long as the Government salaries 
do not lag too hopelessly behind industry. One of the Government’s 
bargaining attractions 1s the intrinsic interest of the work and the 
quality of its facilities. This is a lever that outweighs, in part, the 
lower salaries that the Government has paid professional staff since 
the beginning of World War II. 

Now the NASA has found that use of the excepted position pay 
scales makes it possible to recognize and keep engineering and scien- 
tific talent that has either come up through our laboratories, or, in 
some cases, has come up through the university world, which also does 
not pay industrial salaries, and yet those people from these two worlds 
have come with us and provided NASA the bulk of the technical com- 
petence we need. 

So that while NASA does not in fact have true parity with inet 
and while we personally would of course like to have it, the NAS 
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excepted positions have certainly been a great help in minimizing 
this problem for our one agency. 

Mr. Dappario. Thank you, Mr. Fulton. 

Mr. Futron. Sure. 

Could you tell us how many you are losing on voluntary withdrawals 
from employment with the agency, and also how much of this erosion 
do you attribute to the ability of outside industry to compete at prices 
higher than you can pay ? : 

ou can put in a statement, if you want. 

Mr. Srervert. I will need to supply that information, Mr. Fulton. 

As a general statement, our erosion of technical personnel in the 
year immediately preceding the Space Act passage and in this past 
year has been quite small. I think this is understandable because the 
people have high motivation and participation in a brandnew pro- 
gram, and as a result the economic factors have operated less than 
they might ina more stabilized situation. 

Ishall supply that more detailed information to you, though. 

(The information requested is as follows :) 


STATEMENT ON VOLUNTARY WITHDRAWALS FROM NASA By RESEARCH AND 
DEVELOPMENT PROFESSIONALS 


During calender year 1959 out of an average number of 2,355 research and 
development professional personnel, NASA had 171 leave the organization 
yoluntarily. This is a turnover rate of 7.2 percent. 

It is our belief that the large majority of research and development person- 
nel left because of pay. Our studies in the past have shown that in only a few 
cases did the individual leave for less or the same salary and those who went 
toindustry usually received substantially higher pay. 

Mr. Fuuron. You do have the policy, do you not, to keep together 
scientific teams and put them on other programs when the programs 
either diminish or stop entirely ? 

Mr. Stererr. Yes, sir. 

Take one research center as an example. Those of you who may 
have followed the Lewis Center, for instance, know this was an aero- 
nautical propulsion center and the research spot for much of the 
advanced work on jet engines. In the program today you would find 
the same teams there, but, more than two-thirds of those teams are 
working on different research projects than they were as recently as 
2 years ago, because they are now oriented very heavily into advanced 
propulsion systems as they apply to rocketry. 

Mr. Fuuron. I am interested, as you know, in boron and high pro- 

llant fuels. Could you put in a short statement on both boron and 

igh propellant fuels¢ Are you going to use the people that we al- 
ready have working on various aspects of that ? 

Mr. Sterert. Wherever possible, yes. 

Mr. Furron. So that the programs won't stop and, say, destroy 
communities. 

Mr. Sterert. Yes. 

(The information requested is as follows :) 


STATEMENT FOR INCLUSION IN RECORD ON BoRON AND HIGH-ENERGY PROPELLANTS 


As stated in the testimony before the House Committee on Science and As- 
tronautics on August 26, 1959, all the NASA work on boron fuels for airbreath- 
ing systems was terminated when the Department of Defense announced the can- 
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cellation of the zip fuels program. No new work at the research centers on boron 
fuels for aircraft has been initiated. 

The only “in house” effort on boron as a rocket propellant is a one man effort 
at Lewis on the chemical kinetics of boron nitride formation. This is a pagic 
study to determine the importance of boron systems for the chemical rocket, 

In regards to the use of high-energy propellants in rocket systems, the NASA 
has extensive programs investigating hydrogen and fluorine and hydrogen anq 
oxygen propellant combinations. This work includes study of propellant Storage 
and handling problems, combustion chamber performance, nozzle performance 
and heat transfer problems. To the extent possible, the personnel and tech. 
nology utilized in the aircraft boron program, have been and are being utilize 
in this high-energy rocket program. 


Mr. Fciron. The other point is this: Do you have a policy of tryin 
to spread the NASA work in contracts as well as installations as die 
as you can through the whole United States? 

I think that should be a specifically adopted policy. But other 
things being equal and where there is no particular reason for geo- 
graphical location, that it all not be placed in one spot. 

That applies to Pennsylvania, iaidocnia, Colorado, New York, 
Massachusetts, wherever there are already installations, as in Virginia, 
and so on. 

Are you trying to see that there is a fair share of this tremendons 
new business, and really, to me, a new economic way of life that is go 
tremendously based on science, that that is being spread equally? 

The reason I say that is, you pick up any large metropolitan daily 
and you see tremendous offers being given by certain areas and certain 
companies, “Come here and you get everything.” 

Now, in the long run that may distort our distribution of scientific 
brainpower in this country and our scientific advances may be de- 
stroyed among various geographical areas, and likewise breaks up 
scientific teams already existing. 

It has always been amazing to me that some companies who con- 
tract with the Government can offer so many advantages, and others 
along the same lines cannot. So that I would like some sort of a state- 
ment in the record on that, and particular reference to advertisements, 
I would like you to pick some of them out and comment on them. 

Mr. Stepert. All right. 


(The information requested is as follows :) 


STATEMENT ON NASA PROCUREMENT 


NASA follows generally the rules laid down in the Armed Services Procure 
ment Regulations, which implement the NASA statutory contractual authority, 
the Armed Services Act of 1947, Public Law 413, and also the Federal Procure 
ment Regulations, as promulgated by GSA, in the placement of contracts. 

These, in part, provide that all procurement shall be made by formal advertis- 
ing when possible, that competition shall be secured in negotiated contracts, and 
there may be set-asides for small business concerns or in labor surplus areas. 
In following these basic rules it is necessary to place a contract with the success- 
ful bidder on formal advertised procurement or the selected contractor on nego- 
tiated contracts, based on other factors than geographical location. There is 
no known statutory authority or regulation directing the placement of contracts 
based on geographical areas. 

However, a review of 42 contracts of over $25,000 placed consecutively by 
NASA, detailed information concerning these having been given to members of 
the House Committee on Science and Astronautics in March 1959, showed that 
these contracts were placed in 18 different States including the District of 
Columbia. It is believed that subcontracts under these prime contracts spread 
out to several additional States. 
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A review of a few of NASA’s larger contracts shows the following distribution 
of contractors’ locations : 


geout space vehicle. Texas. 
Mercury space Missouri. 
Million-and-half-pound thrust California. 
Mereury tracking network (largely subcontracted 
Mercury ablation Pennsylvania. 
Tracking station Maryland. 


It is therefore believed that NASA contracts do actually cover a wide geo- 
graphic area. 


STATEMENT ON INDUSTRIAL RECRUITING ADVERTISEMENTS 


Industrial firms spend considerable money on advertising for scientists and 
engineers as is evidenced by reviewing any technical journal or the New York 
Times Sunday recruitment advertisements. 

This industrial advertising influences our Government recruiting mainly 
through the fact that their advertising budgets are much larger than ours. We 
have not found that the fringe benefits offered by industry are featured in in- 
dustry advertisements to any great extent. (See advertisements in the attached 
College Placement Annual for 1960.) 

Government agencies have authority to advertise for personnel in shortage 
categories. NASA now has a limited recruitment advertising program. In 
these advertisements we are very conservative. The fringe benefits in Gov- 
ernment civilian employment are such that we properly do not feature pay or 
fringe benefits, but rather transmit information on our research and develop- 
ment programs and depend on the appeal and excitement of the work to attract 
applicants. 

Mr. Fu.ron. Some of those advertisements are simply amazing. 

With my mathematics and scientific background, I wonder why I 
stay in Congress. If they give everything that they give in these 
companies, why should you be a Congressman to be paid a minimum 
pension which you pay mostly for yourself. 

(Discussion off the record. ) 

Mr. Fuuron. I am not speaking of contractors particularly with 
NASA, but certainly there is some difference between reality and this 
Alice in Wonderland thing that is pictured in advertisements, because 
it would make me think if I were working for one company and saw 
that there was another company that had these tremendous advantages 
on Government contracts that were not being fed down to me, that 
there was something either wrong at the top or something wrong with 
the Government. 

Mr. Anruso. Are you through / 

Mr. Fuuton. Yes. 

Mr. Anruso. Mr. Daddario? 

Mr. Dapparto. I will pass to Mr. King. 

Mr. Kina. I think the points have been mostly covered. This mat- 
ter of salaries, though, intrigues me. 

We have on occasions asked Dr. Glennan and others whether they 
felt that the total appropriation for NASA was adequate or whether 
they needed more money, a rather generous question. 

e answer invariably was: No, we do not need more money. More 
money would be like pouring milk down the drain. We haven’t the 
facilities to handle more. We are moving full speed ahead with what 
wehave. More money would be largely wasted. 
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Now, this line of reasoning that we are engaging in now strong] 
suggests that the Government, being in the competition with privat, 
industry, perhaps would do better if it could increase the salaries jp 
those higher brackets. 

I realize you have said that up to now you have been able to compete 
reasonably well by giving very glamorous and challenging work, that 
you have been able to, tosome extent, offset the salary differential, 

But I am still left with the question whether or not the Government 
might not do a little better to secure and hold the tiptop men in scieneg 
if these salary brackets were increased a little. 

And Iam further fortified in that hypothesis by the testimony of Dp 
Von Braun, who said rather categorically, that in his opinion, to 
offer a top-flight scientist nineteen to twenty-one thousand, who could 
get twice that much, and then some, for comparable work in private 
industry, was not too realistic. 

I wonder if you would like to comment on that ? 

Mr, Srepert. Yes, I would. If I can be a little autobiographical 
my comment may have a little more meaning. 

Before I came with the National Aeronautics and Space Adminis. 
tration I was executive officer of another Government facility, the 
National Institutes of Health, which is in the medical research field, 

About 3 or 4 years ago, I was asked to serve as a task force chair- 
man for a committee set up under White House auspices to study 
what was needed to attract and keep scientists and engineers in the 
Federal service. . 

We did an attitude survey of about 17,000 scientists and engineers 
in Government research and development, which sample was a quarter 
of the total, and to get another benchmark, we did the same thing on 
about 3,200 technical employees, I believe, from nine industrial and 
nongovernmental laboratories. We asked exactly the same questions. 
We learned many interesting things. 

First of all, the study confirmed the obvious idea that the scientists 
in industry and those in Government aren’t much different in terms 
of what their interests and needs are. What is most important to 
them is how interesting and challenging is their research job, not the 
salary. The salary ranks fifth or sixth among the items that are 
most important to them. 

Mr. Kine. At least, according to them. 

Mr. Stervert, According to them, who at the moment of this sur- 
vey were not switching jobs. That is a very important point. 

If you ask Government scientists after they have left the Goverr- 
ment why they left, it is always money. 

Now, this seems to be an inconsistency. In other words, if research 
interest is most important, then, why is it that you leave for money! 
One reason the study made clear: * "he greatest single point of differ- 
ence in attitude between those in Government and those outside Gov- 
ernment was on their prospects for salary advancement or promotion. 
The Government scientists and engineers were very pessimistic as a 
rule, while those in industry were generally optimistic as to their 
chances. 

My personal hypothesis on this is that money and lack of promotion 
opportunity becomes more important when the interest potential mn 
their work lags for some reason. 
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Mr, Kine. Is it perhaps more important than they are willing to 
admit ¢ 

Mr. Anruso. Yes. 

Mr. Stepert. It becomes more important than they have previous] 
heen willing to admit, once their children become juniors in high 
ghool. Then they get panicked about the cost of the college educa- 
tion, and all off a sudden they admit it to be a real problem. 

This is one of the things Dr. von Braun has been worried about 
with his group. You see, that group the Peenemunde group came 
over late in 1945, I think it was. Many of that group did not marry 
during the war years. They married right after the war, and as a 
result their children are just now beginning to climb this ladder 
toward an expensive college education. 

This entire German group places learning as the most important 

uirement for their children, as you know. I think this is the 
thing that would most worry Dr. von Braun and his leaders down 
there. 

In connection with his study of this excepted position problem, 
we asked him: How many of your people have left you ? 

And he said: Of the 136 original scientists that came over, 116 in 
the first batch, and 20 more in 1948—all of whom had worked on 
rocketry in World War I]—of these, 49 are no longer with the 
Government. 

Now, it is for the committee to judge whether that is a serious loss 
or not to the Government. That is a one-third loss over about 10 
years time. 

The only point here is: However many left, the prime reason for 
leaving they said, was that they had to get more money in order that 
they could be sure that their children really had all the advantages 
of education. 

Mr. Anruso. And that was the answer every time? 

Mr. Steverr. That is almost always the answer. 

So returning to your question, Congressman King, yes, I personally 
believe an improvement in the salary structure for the Government, 
of its top technical personnel, would be very good economy for the 
Government. Then the Government could really be assured of its 
ability to have on board the people whose skills could best help reach 
the right decisions. 

Mr. Kine. I remember Dr. von Braun making the statement that 
for every $10 the Government spends on research and development, 
at least $1 should be spent inhouse for the $9 contracted out, so that the 
Government would retain enough technical competence to be able to 
deal with the contractors, to be able to get its money’s worth. 

And I believe your testimony has corroborated that statement. 

Mr. Srerert. Yes. I am not quite sure whether Dr. von Braun 
meant that $1 should be spent directly by the Government checking, 
solely in monitoring and working with the contractor, versus $9 spent 
by industry, or whether he meant that there ought to be at least $1 
spent to assure inhouse competence versus the amounts spent for out- 
of-house work. 
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I think he had in mind the latter interpretation. In the Huntsville 
operation, for instance, nearly 90 percent of the money is already on 
contret. 

However, if we check how much of that remaining 10 percent for 
maintaining inhouse competence is actually used to work directly with 
industry and for checking that the industrial part of the program jg 


going the way the contracts have specified, this would be a fi 
than $1 out of $10. 


Mr. Kine. Thank you. 

That is all, Mr. Chairman. 

Mr. Anruso. Mr. Beresford 

Mr. Fuuron. Just before you leave that point, I think you made 
a very good one. 

y don’t we get the history of the Von Braun team and put it in 

the record at this point, as to personnel ? 

Mr. Kine. I think so. 

Mr. Futon. Would you do that, Mr. Chairman? 

Mr. Anruso. Yes. 

Mr. Keyser. I think that will be presented to the full committee 
in response to the question by Mr. Miller. 

Mr. Futron. I would like it right here at this point in the record. 

Mr. Anrvuso. Without objection, it is so dak by this committee, 

(The information requested is as follows :) 


HISTORY OF THE GERMAN ROCKET GROUP WHICH WENT 
TO THE UNITED STATES 


I, PEENEMUNDE 


The German Rocket Development Center at Peenemunde was an organization 
of the German Army ordnance and headed by a general. The civilian director was 
Dr. Wernher Von Braun who headed a development organization with labora- 
tories, test stands, shops, étc., of approximately 4,000 to 5,000 people (the figure 
changed over the years). The major development successfully completed was the 
V-2 ballistic missile weapon system. Other developments were an antiaircraft 
guided missile, a longer range ballistic missile of the V—2 type, jato’s for military 
aircraft takeoff, etc. The organization consisted of at least 150 Ph. D.’s, several 
hundred M.S. degrees and close to a thousand B.S. degrees. The rest were tech- 
nicians, administrative personnel, skilled, and unskilled workers. 


II. FORT BLISS, UNITED STATES 


Following the close of World War II, 116 of the experts of the Peenemunde 
group were selected and invited to come to the United States under contract 
(Project Paperclip) and later on after having received immigration status were 
admitted into civil service. This group consisted of 25 Ph. D.’s, 34 M.S., 48 B.S., 
and 9 technicians, and was divided in about half; one group being stationed at 
White Sands Proving Ground and the other group at Fort Bliss. The White Sands 
Proving Ground group was in charge of assembly, testing, checkout, and firing 
of captured V-2’s, and the Fort Bliss group worked on Project Hermes II, a 
winged ramjet to be boosted up by a V-2. The General Electric Co. was associated 
with either group as a prime contractor. Both establishments worked under 
Army Ordnance. As time went on, more and more of the German experts were 
withdrawn from White Sands and incorporated in the Hermes II project at Fort 
Bliss. In 1948 an additional 8 Ph. D.’s, 7 M.S., and 5 B.S. experts mainly from 
Peenemunde, totaling 20, were invited to the United States under contract (Proj- 
ect Paperclip). By 1949 the entire group (among them above-mentioned German 
experts) amounted to approximately 350 civilians and approximately 150 military, 
all working on Project Hermes II. Besides the German experts the civilians were 
composed of civil service personnel and contractor personnel (General Elec- 
tric Co.). 
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III. REDSTONE ARSENAL, HUNTSVILLE, ALA, 


In 1950, about 500 personnel moved to Redstone Arsenal, Huntsville, Ala., 
where Army Ordnance had closed down a chemical warfare and ammunition 
plant after the war. Here the group, under the name of Guided Missile De- 
yelopment Division, established offices, laboratories, shops, and test stands, con- 
tinued on the Hermes II program and started the development of the Redstone 

ile. The Hermes II program was discontinued in 1953 and the group de- 
yoted their whole time under Brig. Gen. Toftoy to the development of the Red- 
stone missile system. In 1952 an additional approximately 30 experts from 

any (mostly former employees of Peenemunde) were contracted under 
“paperclip” and joined the group at Huntsville. In 1955 approximately another 
40 people, partially under “Paperclip” and partially under “Project 63” joined 
the Huntsville activity under contract. By the end of 1955 the Guided Missile 
Development Division amounted to approximately 1,400 employees (in the mean- 
time most of the original German group became American Citizens). On Feb- 
ruary 1, 1956 the Army Ballistic Missile Agency was established under Maj. 
Gen. J. B. Medaris and started development of the Jupiter missile system while 
continuing on the Redstone missile system. The Von Braun team became the 
Development Operations Division under the new Army Ballistic Missile Agency. 
A considerable build-up of facilities and personnel took place and by now there 
are approximately 4,200 civilians working directly under Dr. von Braun. Con- 
tracting of German and Austrian experts, especially under Project 63, continued 
through all these years. 

On the other hand, many of the key scientists of the original German group 
(actually 49 of the original 136) have left for other agencies and mainly for 
employment in American industry. The major accomplishments of the Von 
Braun team through all these years were successful development of the Red- 
stone missile system, Jupiter missile system, first U.S. satellite (Explorer I) 
and further Explorer satellites, first successful Moon shot and further satellites 
under Juno II program, development of ablation type nose cones for IRBM’s and 
recovery technique, recovery of the first primates with a Jupiter nose cone, proj- 
ect Hardtack, and project Argus satellites, ete. 

The current civilian staffing of the Development Operators Division is shown 
in more detail in the attached table. Data are given by laboratory, and by 
civil service grade. These figures do not include technical and management 
support personnel which are currently provided from other components of the 
Army organization at Redstone. 
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Mr. Anruso. Mr. Beresford. 

Mr. Beresrorp. I have only one question, Mr, Chairman. 

] would like to return for a moment to subsection 1(d) of the bill, 
and ask Mr. Nunn whether I understand correctly that the $20,000 
could be used for scientific conferences and consultations but that it 
would not be confined to that use, it could be used for any purpose 
which the Administrator found to be necessary ? 

Mr. Nunn. That is correct. 

Mr. Anruso. To carry on the purposes of the agency. 

Mr. Nunn. That is correct. 

Mr. Beresrorp. No other questions. 

Mr. Anruso. All right, if there are no further questions, then this 
meeting stands adjourned 

Mr. Futon. Before we leave, I had been thinking over the person- 
nel that you may have assigned to do liaison work with the military. 

Do you have adequate staff to maintain adequate liaison with the 
military programs in the Department of Defense, ARPA, and the 
other agencies ? 

My question is really based on the adequacy of the personnel to 
fulfil the function of military-civilian liaison on programs that in 
many respects arein both fields. 

Are you doing the job personnelwise in that field ? 

You can put a statement in the record on that. 

Mr. Anruso. Can you prepare a statement ? 

Mr. Sterert. Yes. 

Iwould like to answer this by saying that, yes, we have organized 
the staff in a way that this is done. One cannot, however, go through 
our staff organization and find jobs called “liaison.” What we have 
done—— 

Mr. Futon. I want that explained. 

Mr. Anrvuso. Mr. Seipert, I think that is an important question 
which deserves a good answer. 

Mr. Sterert. We will give you a statement. 

Mr. Anruso. Which will show the overall picture, Thank you. 

(The information requested is as follows :) 


STATEMENT FOR REcorpD 


The National Aeronautics and Space Administration has organized and 
assigned its staff to carry out adequate liaison with the Department of Defense, 
the military services, and other agencies without actually assigning personnel 
to full-time liaison work. Because of the complexity of the aeronautical and 
space research and development activities and the belief that the best liaison 
is obtained at the working levels in the respective areas of endeavor on a day- 
to-day basis, the policy of the NASA is to assign the responsibility for liaison to 
the staff members as one of their normal duties. The NASA, of course, recognizes 
the need for continuous general liaison in the broad areas of mutual interest. 
This function is accomplished by appointing staff members from all levels to 
represent and to participate in the activities of the many management, scientific, 
project, and advisory types of committees that have been established for the 
purpose of insuring the exchange of information and coordination of programs 
of mutual interest to the NASA, DOD, and other agencies. 

In general terms, the adequacy of personnel to fulfill the liaison function 
depends largely on the staff complement available to conduct the aeronautics 
and space activities of the NASA. The need for close and continued contacts 
with many parts of the Defense Department is a significant factor in determin- 
ing requirements for headquarters staff. 


52493—60—_18 


270 1961 NASA AUTHORIZATION 


Mr. Breresrorp. When is this subcommittee going to reconvene? 

Mr. Anruso. We will have to reconvene. 

Mr. Siepert, you are going to supply us that information within the 
next couple of days, and then we will have to reconvene for that 
purpose. 

Mr. Sterert. All right, sir. 

Mr. Anruso. So that these hearings will not close until then. 

Thank you, gentlemen. 

(Whereupon, at 3:20 p.m., the subcommittee adjourned, to recon. 
vene subject to the call of the chairman.) 
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THURSDAY, FEBRUARY 18, 1960 


Hovsk or 
COMMITTEE ON SCIENCE AND ASTRONAUTICS, 
SupcoMMirrex No. 4, 
Washington, D.C. 

The subcommittee met at 2:05 p.m., Hon. B. F. Sisk, chairman, 
presiding. 

Mr. Sisk. The subcommittee will come to order. 

We have been assigned a rather substantial portion of what amounts 
to almost a billion-dollar budget. The budget we will be responsible 
for is something over $250 million. 

It is the Chair’s opinion that, certainly as far as he is concerned, 
there will be no limination on time here, and I would hope everybody 
is in agreement. We want to pursue these problems diligently and 
learn as much as we possibly can about this because we are going to 
have to defend our position on the floor. So, when it comes to ques- 
tioning, as far as the Chair is concerned, he feels that every member 
should have all the time for questioning he desires. The staff also 
will be allowed to ask questions and we will expect you to have some 
questions. 

With reference to the time, there has been some discussion about 
how long we were going to be given to complete our part of the hear- 
ings. Here again it is the Chair’s opinion that we will simply start 
in, we will do the very best job that we can, we will explore as care- 
fully as possible every item, attempt to learn as much as we can and 
to justify these items. If it takes 3 days or if it takes 3 weeks we will 
continue to pursue it diligently until we have completed the hearing. 
That is the Chair’s feelings about this matter because he feels it to 
be very important. 

If any of the other members of the committee have any comment 
tomake on procedure I would appreciate it. 

This is not, of course, to say we do not wish to act expeditiously 
and, of course, to cooperate with the full committee, but it is the 
Chair’s very strong feeling that we have a very grave responsibility 
here. The only way we are going to be able to fulfill it is to go 
oy into these things and take such time as is necessary to do 
the job. 

As far as I am concerned that pretty well lays the groundwork as 
Isee it. If you have any comments to make on it, very well. 

Mr. McDonoveu. I see none, Mr. Chairman, as far as I personall 
am concerned. I think they are fair rules, that we should abide by 
them and that we should exhaust every possibility to get every bit 
of information that we can. 
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There is one thing I think may develop as we go along. This is an 
open session and there may be information involving security matters, 
I wish that anyone who is testifying would inform us if such is the 
case. We have no security officer here, do we? 

Mr. Sisk. Not so far as our committee is concerned, other than we 
will depend on Mr. Wilcove and Mr, Hines, our consultants, to guard 
against security violations from our standpoint. The people testify. 
ing for the agency will, I am sure, be fully alert to that also. 

Mr. McDonoveu. The questions the members of the committee may 
ask, in all due respect to revealing as much as possible and keeping 
the public informed, I think there are certain things, and I think we 
could make better progress, if we didn’t reveal them, because this 
information gets into disloyal hands from loyal hands very rapidly, 

Mr. Sisk. I agree with what my colleague has to say. I might say 
now our subcommittee will hear later from the Atomic Energy Com- 
mission witnesses. As you know, AEC was scheduled to appear be- 
fore the full committee tomorrow, I believe, but that has been cap- 
celed. Our subcommittee has now been designated to hear the AEC 
witnesses. We will hear them next week. 

Has that date been set? I am advised by Mr. Wilcove that they will 
testify next Friday. 

At that time, they will be prepared to give us a statement in open 
session and will also be prepared to make further comments in closed 
session. So we will probably have both an open and an executive ses- 
sion in order to get all the information we need. 


The same thing is true, I might say to you gentlemen and others who. 


may be appearing from NASA. We want to eau as much of the 
hearings open as possible and to make public everything we possibly 
can because we feel we need the support of the public. It is public 
business. 

On the other hand, if, from time to time, you feel it is necessary, in 
order to give us the full picture, that we do go into executive session 
we will simply have to do that. I will appreciate your suggestion, if 
in our questions we move into an area where, because of the military 
aspects of it, which of necessity may occur, that you just simply state 
on is something we should take up in executive session, and we will 

0 So. 

Unless some other member of the committee has a comment, we 
have with us today as witnesses, Mr. Richard E. Horner, the Associate 
Administrator, who has with him Mr. Wyatt, Director of Program 
Planning Coordination, and Mr. Hyatt, Deputy Director. We also 
have Mr. Finger and Mr, Mitchell. 


STATEMENT OF RICHARD E. HORNER, ASSOCIATE 
ADMINISTRATOR, NASA 


Mr. Horner. Mr. Chairman, I do not have a statement for the com- 
mittee. We have here today program directors, experts in each of the 
program areas covered by our budget allocation and we are prepared 
to answer any questions on the budget matters that are in this partic- 
ular section of the budget at the will of the committee. 


Mr. Sisk. It is my understanding that our subcommittee will be 


dealing with the latter part of research and development. 


I 

t 

t 

] 

I 

1 


1961 NASA AUTHORIZATION 273 

The first program is vehicle systems technology. I assume, Mr. 
Horner, from what you have stated that you have someone with you 
who is prepared to make some specific statement on this vehicle sys- 
tems technology program, with some justification of the request, or 
do you just want us to go to questions directly ? 

Mr. Horner. We have planned no specific statements beyond what 
appear in the backup books that have been furnished to the commit- 
tee, Mr. Chairman. We can speak to each of the line items as they are 
mentioned or we can respond to questions of the committee. 

Mr. Rrentman. Mr. Chairman, in view of the fact that we are not 

roficient in this field I think it would be well it someone qualified ad- 
dressed himself to each section. It will give us at least a briefing so 
we can ask intelligent questions. I don’t feel under the circumstances 
Ican thumb through here and come up with questions that I would be 
satisfied with until we have had some briefing on each section. If we 
have the men qualified to do it I think we would expedite our work and 
be better informed if it could be handled that way. 

Mr. Horner. We will be glad to do so if its is the desire of the com- 
mittee and I would suggest the best way to do this is to take the line 
items as they appear for this first section on page 170, of the book and 
just start with the top line item. We have the qualified program peo- 
ple in for each one of these line items. In this first section the bulk of 
the program is under the jurisdiction of the space flight development 
part of our organization. Mr. Wyatt is the program director in that 
area and I would ask Mr. Wyatt to start off running down these line 
items, then. 

Is that responsive to your suggestion, Mr. Rieh]man ? 

Mr. Rreu_man. That is responsive to my suggestion because I just 
feel we have to have that type of indoctrination before we are in a 
position to ask intelligent questions. 

Mr. Horner. I would ask Mr. Wyatt then to start off with the top 
line item and we will have other people augment his comments as they 

o along. 
; Mr. al I might say to my colleague from New York that is more 
or less what I had in mind because we are going to need a little briefing 
here on these, item by item. 

Some of these items are rather small. On some of the larger ones, 
there is no question but that we will spend more time on them, but I 
do think Mr. Horner, that we should sei at least some justification 
and some comment from your people who are directly in charge of 
these particular things. 

Under the first section here, whoever is qualified to speak please pro- 
ceed then and briefly outline these items as they are outlined here on 
page 170. I think that would be fine. 

Mr. Horner. I would make one further suggestion, then, Mr. Chair- 
man: The budget justification as it appears in this book tends to be 
east in somewhat technical terminology and I will caution my col- 
leagues then to provide adequate definitions for the terminology as 
they go along. Such things as injection guidance and so on. 
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STATEMENT OF D. D. WYATT, ASSISTANT DIRECTOR FOR PROGRAy 
PLANNING AND COORDINATION, OFFICE OF SPACE FLIGHT 


PROGRAMS 


Mr. Wyatt. This is something of a catchall section because it, jn. 
volves a number of specific areas relating to space flight in which 
we must advance the state of the art beyond where it is today, Jp 
other words, we do not have completely satisfactory and complete] 
desirable guidance systems, structures, even materials. And the 
specific line items in this category are intended to augment or start 
as the case might be, work in a number of these related and yet 
different areas of technology. ; 

Now, for example, the first three or four items are all related to 
guidance and control. This, of course, is one of our areas of greatest 
technological concern insofar as a satisfactory flight is concerned, 
That is the problem of being able to place the space vehicle into 
either the designed orbit if it is going to become an Earth satellite 
or into a desired trajectory so it can either come close to or impact on 
the Moon or the nearby planets as the nature of the shot may be. 

To achieve this guidance system technically there are several steps 
that can be taken. First off, we have this first line item referred to 
as “Injection guidance.” 

Now, this refers to the guidance system which is carried in the basic 
booster vehicle, and by which, one might say, you line the gun up 
at the instant the shot leaves. 

In other words, when our spacecraft leaves the powered phase of 
flight, after the first stage and the second stage and if necessary the 
third stage booster burn out, we would like to have it, if possible, 
pointed exactly on the trajectory that will lead us to the target. Let 
us say we are talking about a Moon shot. We would like to be able 
to just let it fly along a free flight path after the rockets burn out. 
To do this we would have to have an extremely accurate, injection 
guidance system or a system which guides it, points it, and get the 
velocity just right at the instant of burnout. This is the so-called 
injection guidance system. And the specific sums—$1.8 million re- 
ferred to here for fiscal year 1961, are to continue work on improve- 
ments in components of the injection guidance system so that we can 
improve that accuracy to the greatest extent possible. 

Now, we find that in general it is impossible to rely entirely on 
the injection guidance to make a satisfactory flight. In other words, 
a very, very tiny error at the moment of burnout in either direction 
or velocity can result in a very large miss by the time you get to the 
Moon. It is like duck hunting. You are leading the Moon, the Moon 
is over here when you fire and you have to aim exactly so that your 
trajectory gets the vehicle to the location of the Moon when the Moon 
gets there. But if you miss your velocity a little bit, obviously you 
can either run ahead of or behind the Moon at the time you cross 
its orbit. Or if you miss your angle a little bit when you get out 
there you will either be ahead or behind it. 

So what we generally find necessary and desirable is to augment the 
injection guidance with some later guidance someplace along the 
flight path and there are several of these categories of later guidance 
systems that can be used. One of them we call the midcourse guid- 
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ance system. In other words, we guide the vehicle as accurately as 
possible through burnout and then we check its actual course for some 

riod of time until we can verify through data transmission, through 
Doppler radar and this sort of thing exactly what course is it on and 
how far is off from the velocity or angular condition that we desire. 

And then if we have en the equipment known as midcourse 
guidance equipment in the package we can then radio out an instrue- 
tion that says, “Fire the rocket for so many seconds to increase the 
velocity by a certain desired amount.” Or it may be what we call a 
retro-rocket or an opposing rocket to slow it down a little bit. Or 
we Say, “Fire some control rockets and change the angular path a 
little bit.” 

By doing this it is as if when you were hunting ducks, after you 
shot and when the shells got half way up to the duck you had time to 
Jook at it and say, “No, I’m leading it too much,” and then had a way 
of instructing the bullets to veer a little bit to their left, you would 
make more certain you would intercept the duck. 

This we can do with the equipment known as midcourse guidance 
equipment and this is the line item we have here of $1.3 million for 
1961, for specific research into the components that we will hope in 
the future will enhance the accuracy of our midcourse guidance 
systems. 

Me. Rreutman. Mr. Chairman, is that just in the research stage at 
the present time ? 

r. Wyatt. This $1.3 million is for advanced work. In other 
words, we do have some midcourse systems under actual development 
but we need continually to try to improve the components of the sys- 
tems, the sensors, the actual control jets, everything about the system. 

Mr. McDonoveu. You had $50,000 for last year. 

Mr. Wyatt. Yes, sir. 

Mr. McDonoven. Was that the first money you had for the mid- 
course guidance system ? 

Mr. Wyatt. The first money that the NASA had—you appreciate 
we only came into existence in 1959. There was work Pot i at, 
the Jet Propulsion Laboratory during fiscal year 1959 but because of 
a change in our method of allocating moneys that money does not 
show here in this makeup. Actually, there was money specifically 
for that in 1959 as well as in 1960. 

Mr. McDonovucu. Now, in your injection guidance program you 
had $3,804,000. 

Mr. Wyatt. Yes. 
= McDonoven. And you have made some progress along that 

Mr. Wyarr. We are tapering down for the reason that each specific 
vehicle that we have under development, has a special injection guid- 
ance problem. It is part of the basic vehicle and hence the bulk of our 
work is actually reflected budgetarily in the support, say for the 
development of the Centaur vin the development of the Saturn 
vehicle, the development of the Scout or Delta vehicles. Each of 
them contain items for the development of the specific guidance sys- 
tem for that particular vehicle. 

The money in the general area is not aimed at a specific vehicle but 
toward improving the state of the art generally. 
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Mr. Sisk. That is of the first four? 

Mr. Wyarr. Yes. 

Mr. Sisk. When we get to the fifth one—— 

Mr. Wyarr. Then we go to a specific spacecraft system. 

But, may I first spend a few moments on this so-called termina] 
guidance system. Even after we aim as well as we can at the moment 
of burnout and even after we correct in the midcourse, we still do n 
potentially in the future, have as accurate a guidance system ag we 
might want. Again, let me use a lunar flight for an example: If qj] 
we wished to do 1s to impact the Moon someplace, we probably can do 
it very well with a combination of improved injection and midcourse 
guidance systems. In other words, we can steer it well enough to 
hit the Moon. But let us look some years into the future when we are 
going to be concerned with, say, landing a man on the Moon. In that 
case we will want to preselect a specific site. We will want to make 
sure it is not on the side of a mountain or in the crater of a volcano 
but rather in a relatively free, open area. Where it is relative to the 
available sunshine at the time of the flight will be important so we 
don’t land him on the dark side of the Moon or anything like that. 

This means we have to make a final course correction as we ap- 
proach the Moon, and by one technique or another, localize the impact 
point down to the desired point. We do this by what we call a termi- 
nal guidance system. In other words, the end-of-flight guidance 
system. This involves little control rockets carried along in the space 
vehicle and a sensor system that can be anything from a simple 
horizon seeker system, where we have devices to tell us, “These are 
the edges of the Moon and we will line up and land at the center of the 
edges,” to a television camera in the spacecraft and a ground observer 
back on the Earth observing the picture and by radio signal com- 
manding the spacecraft to change its course a little bit until he sits it 
down on the desired spot. 

This is what we ailthe terminal guidance system but it completes 
the system. First you aim it as well as you possibly can. Then you 
correct it as best you can while it is flying out toward the target and 
then finally you make a fine correction to it just as it approaches the 
target so that you can land it. 

Now, this work is just getting started in fiscal year 1961, and the 
moneys we are requesting here in the general area are relatively small, 
about a quarter of a million dollars. This again is because—well, 
these guidance systems do have a bearing one on the other. Some of 
the components developed for one can be used in the other and we feel 
that we want to get started here, but our needs for this specific system 
are somewhat downstream in time and hence we are not putting as 
much emphasis at this time on the general research and development 
of the terminal guidance area. 

Then we come to this item called attitude control systems. This is 
related to, but it is a little different from guidance. The attitude con- 
trol system refers to this. 

Let us say this cup is a spacecraft I desire to land on the Moon. 
Well, obviously I don’t want to land on the Moon sidewise nor dol 
want to land on the Moon and be drifting at the time I land so I have 
to put in what is known as an attitude control system. Something 
that if the vehicle starts to tip, senses that it is not vertical and ereets 
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itagain. Something that if it is drifting, senses it is drifting and puts 
aside force in to make it hover and drop, 

In actual space flight—that is not approaching a lunar surface, for 
example, we may have to rely on solar cells, arrays of solar cells for 

wer. As we fly we will find it necessary to continuously keep the 
vehicle pointing so that the solar cells are pointing at the Sun all the 
time in order to get maximum solarenergy. This again is part of what 
we call the attitude control system. In that case we keep the vehicle 
pointing. We may even want to point at a star for a while and then 
turn and point in another direction. So these are systems that do not 
involve the gross guidance—that is, is it going to hit this spot or not— 
but in what attitude or position does it hit the spot and where we have 
to control it between launch and impact, it provides the control of the 
attitude throughout the whole flight. 

Mr. waren At the present time, is this theory or has this been 

roven 
’ Mr. Wyarr. This is incorporated in the Discoverer vehicle of the 
Air Force. They have an attitude control package there. We are in- 
corporating it at the present time in a number of our payloads that have 
not yet been launched. 

For example, in an Earth satellite, if you launched it without atti- 
tude control, the satellite would always go around the Earth in a fixed 

ition relative to space. It wouldn’t point at the Earth, it would 
tend to look at it from all sides of the spacecraft. . 

So if we have a device that we want to look at the Earth continu- 
ously—let us say a meteorological radar to survey cloud cover, or a 
system to photograph cloud cover, then we have to force this thing to 
move in this position so that it is always pointing at the Earth as it 
moves around. Now, this, as I say, has been done in at least the case of 
the Discoverer satellite of the Air Force and we are incorporating such 
packages in some of our own vehicles that require this kind of con- 
trol. But again, the $200,000 in the line item in the budget is for basic 
work rather than for a specific system. It is to look at improved 
methods of getting this kind of attitude stabilization. 

Mr. Sisk. In other words, there is no duplication. You are making 
full use of such instrumentation as the Air Force, the Navy or anyone 
else has developed ¢ 

Mr. Wyarr. Yes, sir. 

Mr. Sisk. It is not a matter of your going in and duplicating some of 
the research ? 

Mr. Wyarr. No, sir. This is an area in which there are a vast num- 
ber of unknowns and a vast number of detailed problems. Very fine 
problems that need to be investigated. 

Now, in the rest of the budget we move from this general area of 
research and development to advance the technology into those sums 
of money that are going to be applied for specific systems. The first 
one here is money for the development of guidance and control sys- 
tems for Centaur boosted spacecraft. The Centaur, as you may re- 
call from the testimony before you, is the Atlas-boosted hydrogen- 
oxygen second-stage vehicle now under development that will give us 
avery great increase in capacity as compared with any of the vehicles 
we have launched to date. It will permit us, as far as our programs 
are concerned, to launch considerably larger vehicles to the Moon. 
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It will give us the first opportunity to place what we call a soft land: 
ing vehicle on the Moon. We will, with early vehicles, attempt to 
have impacts ranging from high velocity impacts to impacts where 
we have spoiled most of the velocity but still hit rather hard. With 
the Centaur for the first time we will have enough weight carryj 
capacity to carry the large amount of retro-fuel that we have to 
fire in order to actually slow the vehicle down so that we can set it 
rather gently on the surface of the Moon in what we call a soft 
landing. And this problem of the Lunar soft landing spacecraft 
embodies all of these elements of injection, midcourse, terminal guid- 
ance, and attitude control. They have to all be wrapped up in this 
one package so we can set it down delicately enough to permit instru- 
ments to continue to work on the surface of the Moon. In fact, in 
some cases to permit us to make remote observations. For exam le, 
we may want to land a television camera and have that in working 
order and scanning and transmitting data back to the Earth. 

So we have an item in here for $13 million that is aimed specifically 
at developing the guidance and control and stabilization systems for 
these spacecraft that will be boosted with the Centaur vehicle. 

Mr. McDonoven. Now, let’s talk about Centaur for a minute. How 
far have you progressed on Centaur? The guidance system will be 
one of the last things that you do. First, you have to have your 
engine, you have to have your various sections built and you have 
to prove out the ability of the craft to fly. How far have you pro- 
gressed on Centaur before you get into the guidance system? 

Mr. Horner. The Centaur vehicle will fly first in a little more than 
a year from now. The problem here, Mr. McDonough, is that any 
of these developments are rather long-term projects. It takes a 
matter of years to develop these and if we waited until the Centaur 
vehicle was completely proven out, a developed item, and then started 
development of the guidance for the spacecraft that Mr. Wyatt 
has discussed, it would be many years before we finally had the 
capability. So even before the Centaur vehicle actually flies we 
have to begin the developments of these important components for 
the spacecraft. Indeed we have to begin developing the spacecraft 
themselves, which are covered in other parts of this buget, in order 
to have the spacecraft available when the vehicle is available. 

Mr. McDonoven. You have a $13 million item for Centaur boosted 
spacecraft for guidance and that includes injection, midcourse, and 
terminal guidance ? 

Mr. Wyarr. In this case it does not include the injection guidanee. 

Mr. McDonouenu. Midcourse, terminal, and attitude control. 

Mr. Wyarr. Yes, sir. 

Mr. McDonouen. For Centaur, only ? 

Mr. Wyatt. For the spacecraft 

Mr. McDonoven. The spacecraft that Centaur will boost into 
space? 

Mr. Wyarr. Will boost aloft, yes, sir. 

Mr. McDonover. Won’t you have developed a lot of information 
on all of these things with the other three items previous to that! 

Mr. Wyarrt. Sir, the difference is that the other three items are to 
do research and development on components. To improve air bear- 
ings, to improve electronic circuitry. To improve systems to deter- 
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mine attitude. Here we are talking about putting these together 
into an actual working system that will be incorporated in the space- 
craft and that will fly to and land on the Lunar surface. It is the 
difference between the—I am trying to find an analogy—research 
conducted in a wind tunnel on a new airplane, and the actual produc- 
tion of the airplane, itself. Here we are talking about the hardware 
that has to actually be produced to be incorporated in the spacecraft. 
The working article. 

Mr. McDonoven. You have the plastic models and the last one, 
the working model. 

Mr. Wyarr. Not only the working model, but the object we are 
going to fly with. 

Mr. Sisk. If my colleague would yield there, a little bit later, very 
shortly, we will be discussing the various systems, the various ve- 
hicles. We will be discussing Centaur. 

Now, in Centaur, you are asking over here a little bit further along, 
$47 million for Centaur. Now, in other words, in order to get an 
idea of how much we are putting into each program we would actually 
have to add some of these figures together. Because, in a sense, the 
$13 million is a part of Centaur and, of course, the $47 million, in 
addition, that you are asking for the vehicle itself. I understand the 
difference, all right, but there we have already added up to $60 million 
that you intend putting into the Centaur vehicle as such, and possibly 
maybe there is some other money. 

Mr. Wyart. Sir, if I may, we are referring here—let us go back 
to some basic terminology. When we say launch vehicle, we mean 
that booster which puts us on our flight path. When we say space- 
craft, we mean that which goes on the flight path. This is the differ- 
ence between the truck and the load that the truck carries. 

Here we are talking about the equipment in the lead that the truck 
carries. When we talk about Centaur we will be talking about—well, 
we also have to get the truck. 

Mr. McDonovueu. $47 million is the power unit ? 

Mr. Wyart. It is the truck. This spacecraft is the object we are 
going to use the truck to carry. 

Mr. McDonoven. I don’t want to appear critical, but it seems to 
me that $13 million for the guidance control and attitude control of 
the spaceship on Centaur—there is only one ship, now 

Mr. Wyarr. No, sir. This covers a number of objects. In other 
words, we will have several slightly different missions that we will fly 
with Centaur. I have talked only about the Lunar mission. We will 
be using the Centaur in 1962, to launch vehicles in the vicinity of both 
Venus and Mars. There will be spacecraft—actually, two of them, you 
see. One each. We are then talking about Centaurs for a soft land- 
ing on the Moon, and there will be a sequence of those. 

We won’t make just one flight, we will have to make maybe four or 
five of those, using essentially similar spacecraft. We will also plan 
to use the Centaur for what we call rough landings on the Moon prior 
to this soft landing, in which we do everything except this final retro 
slowdown. So actually we are talking about money here that will 
develop and produce guidance and control systems for a number—I 
would just have to guess and say for perhaps eight or nine articles. 
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Now, I would not mislead you, however. We are not trying to fully 
fund these items in any one year, because these are stretched out jp 
delivery, and use time over a period of several years. So that this $13 
million will buy a large chunk of what we need, but in 1962 we wil] 
probably still have expenses on the specific systems. 

Mr. Sisk. Now, when do you expect to fire Centaur the first time? 

Mr. Wyarr. For the purposes we are referring to here, we expect 
to fire it as a test vehicle—as Mr. Horner said—a little over a year 
from now. We are expecting to fire it for scientific purposes in the 
latter part of 1962. 

Mr. Sisk. I know those have all been given to us 

Mr. Wyarr. The planetary dates, for example, the favorable time 
to shoot at Venus is August 1962, and at Mars is October 1962, in order 
to require the least energy to get to their orbits. 

Mr. McDonoveu. For the first firing you wouldn’t need this sophis- 
ticated guidance control ? 

Mr. Wyarr. Not for the first firing of Centaur. The first several 
firings will be to check out the vehicle. This is for one where we try 
to do an honest-to-goodness job with Centaur in space. , 

Mr. McDonovenu. Now, of the $13 million, do you have plans and 
specifications drawn up on the kind of guidance controls where you 
could go to your industry and say “This is what we want,” or are you 
still studying this? Y 

Mr. Wyarr. We are still studying it. This is a technical function 
that has been assigned to the Jet Propulsion Laboratory. They are 
handling the Lunar and planetary phases of our work, and they are 
doing some of the research and development in their own facilities, 
They are also preparing the specifications for the systems which we 
will then purchase on the outside. 

Mr. McDonoven. Do you think that the $13 million would provide 
the preliminary study and the final purchase of materials ? 

Mr. Wyarr. Well, both. I wouldn’t say final. It will provide the 
peeeeeery study and begin the purchase of equipment that we intend 

o buy. 

Mr. Wircove. What kind of a shot do you plan for August 1962? 

Mr. Wyarr. A near miss of Venus. We will attempt to get within 
a relatively few thousand miles. We will include scientific instrumen- 
tation that will not only give us what we call a sweep out of data, from 
here to Venus, say, field measurements of energetic particles, magnet 
fields, and that sort of thing, but also equipment that will, when we 
get near Venus, allow us to make some better analysis of the atmos- 
phere. Possibly of the ionosphere. The same general class of measure- 
ments that we are doing with our own satellites in the vicinity of the 
Earth. 

In other words, we think now of what we call geophysical phenom- 
ena, those phenomena that are affected by the earth. We will be trying 
to measure the Venus affected phenomena, but not in extremely close 
proximity. We would not anticipate that we will get into very, very 
close proximity, but within several score of thousands of miles. 

Mr. Wixcove. The shot will then go around the sun ¢ 

Mr. Wyarr. It will go out into some sort of permanent trajectory 
around the Sun. 
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Mr. WILcove. I have heard reports that the Russians are prepared 
to try an orbiting of Venus in August, with sufficient instrumentation 
toscan the surface. Have you heard anything about that ? 

Mr. Wyatt. No, sir; I have not. 

Mr. Wixcove. You also have a Venus shot planned for some time 
this year, do you not? 

Mr. Wyarr. No, sir. That shot will take us in to the orbital dis- 
tance of Venus, but in order to hit Venus we would have had to fire 
last June. The shot we propose this year will carry us in toward the 
Sun and will go in as far as the orbital path that Venus has, but Venus 
won't be there. Venus will be approximately around on the other side 
of its trajectory. It is a misnomer to call this a Venus shot. It is a 
shot in toward the Sun to the distance of Venus from the Sun. 

Mr. Witcove. What do you hope to accomplish by that ? 

Mr. Wyarr. Principally two things. Again, this so-called sweep- 
out of data from the Earth to that distance, of some of the basic physi- 
cal phenomena of space. One of the most important things, however, 
is going to be an evaluation of the communications system for return- 
ing these data from these distances. 

In other words, we are just not certain how far we can actually main- 
tain effective radio contact and obtain intelligible radio information. 

Mr. McDonovucn. How many miles from the Earth to the orbit of 
Venus? 

Mr. Wyatt. I think the minimum distance is some 26 million miles. 
Actually, the path that it flies, if I recall correctly, is closer to 120 
million miles, because you start and you fly around this way instead 
of going straight in. 

Mr. McDonoven. But to come within the orbit it is 26 million miles? 

Mr. Wyarr. Twenty-six million miles if you fired directly in toward 
the Sun. This would require exorbitant energy to kill all the Earth’s 
velocity and head in toward the Sun. We use the Earth’s velocity and 
actually slow down a little bit, and fall into the direction of the Sun. 
We fall into a parabolic path like this [indicating]. It gradually 
gets us closed to the Sun. 

The actual flight path then is up in the hundreds of millions of 
miles. I »m not sure of the exact figure—the distance we actually have 
totransmit data. This is one of our major considerations here. It is 
simply an evaluation of the data transmission system. 

Not only of the transmitter, and the spacecraft, but of our own 
receiving system on the ground. 

Mr. Witcove. When do you plan to make the shot? 

Mr. Horner. During the current quarter. 

Mr. Witcove. I have already read in various periodicals and papers 
that it will take place some time in February. 

Mr. Horner. That is wrong. It will be during the month of 
March if we go according to plan. 

Mr. Witcove. Do you have a specifice date in mind? 

Mr. Horner. We have planning dates, but would rather not give 
those in open session because they create real problems for our 
operation, 

Mr Wyarr. We could give you the specific date, however, if you 
request it. 
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Mr. Hines. Your recent developments of guidance control for 
spacecraft, would be applied to Centaur and Saturn. What are the 
essential differences ? 

Mr. Wyart. The differences are in the accuracy of the unit you cay 
carry because of the weight involved. 

When we get to Saturn, we will have so much more weight capacity 
that we will be able to carry actually better midcourse and terminal 

uidance systems. We have not, so far, been able to incorporate any 
but the very simplest kind of midcourse guidance. 

When we get to the Centaur class we will be able to incorporate 
rather respectable systems, but still we find if we can add little more 
weight we can make a better system. Principally, when we get to 
Saturn we will go rather all out into a really refined system. 

Mr. Hives. Then it will be a continuous development. One single 
line of the development ? 

Mr. Wyarrt. Well, a single line of development, but with offshoots 
into specific products. 

Mr. Hines. The point I am getting at is they don’t become separate 
distinct entities far back in the early days? 

Mr. Wyarr. No, sir. They are related. The whole art develops, 
and then at a given time we will do the best we can with the payload 
we can put up, but as we go on we can do better, and so with time we 
gradually will improve these systems. 

Mr. Hives. And the funding will reflect that / 

Mr. Wyatt. The funding will reflect that. 

The reason the funding is relatively lower here on the systems for 
the Saturn booster spacecraft is that the availability time of the 
Saturn itself is further downstream and, hence, we have more lead- 
time available to it. 

Mr. Hrvnes. This is what sponsors this question, a difference in 
funding here. 

Mr. Wyatr. We have more leadtime on the Saturn than the Centaur. 
We must get started rather heavily on the Centaur program. 

Mr. Sisk. On the last couple of items there, on the development of 
guidance control on the Saturn boosted spacecraft, that, of course, is 
going to be a continuing thing for several years. Actually, right on 
through until the ultimate complete of the program. 

Mr. Yes, sir. 

Mr. Sisk. Let me ask you this. Do you feel that the amount of 
money represented here is sufficient, the $1,650,000; has that figure 
been changed at all from your original request ? 

Mr. Wyarr. I don’t recall offhand the original detailed request 
here, on a line-item basis. 

‘ ah Horner. There has been no change in these items during the 
udget 

Mr. Sisk. These are the figures that in your best estimate will do 
the job for fiscal 1961 ¢ 

Mr. Wyarr. Yes, Mr. Sisk, as I pointed out, the Saturn figure is 
lower than the Centaur figure because we have more leadtime before 
we have to have the Saturn system. 

Mr. Sisk. I understood that. I realized the reasons why, of course, 
it wouldn’t be nearly as much because it is more or less just starting, 
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whereas we are going to need for 1962, as I understand, these pack- 
for Centaur. 

Mr. Wratr. Yes. 

Mr. McDonoveu. Isn’t it also possible that the knowledge you 

in from the development of the guidance and control system for 
Fentaur may be applicable to Saturn without the full expenditure of 
the $1,650,000? Won’t you learn— 

Mr. Wyarr. Again, we are hoping to buy flight hardware with the 
$13 million of Centaur money. Now, the technology we fly there will 
certainly be applicable to the later Saturn systems. And as such we 
will not have to beat over all of the same ground. 

However, the Saturn system will be essentially different, sizewise, 
and have a different capability. I would not say we could perhaps 
avoid this $1,650,000. 

Mr. Sisk. On the last item you have there, advanced technical 
developments, components, and materials, you apparently just tossed 
inseveral items. 

Mr. Wyarr. This is a bit of a catchall section. This actually repre- 
sents the vehicle engineering system and the advance technical devel- 
opments components and materials section, that is for inhouse work 
at the Jet Propulsion Laboratory. They are doing a wealth of basic 
reseach and development, and we have grouped together a number of 
those items into these two categories for the $3 million. 

Mr. Sisk. The total for this more or less advanced technical pro- 
gram here is $21,200,000. 

Before we leave this, are there any questions that either the staff 
ormembers have on these items ¢ 

The Chair would suggest that what we will do is go over these, pro- 
ceed along and attempt each day to go into executive session to 
finally pass or approve these. 

If there are no further question—Mr. Wilcove. 

Mr. Wixcove. Mr. Horner, with regard to the specific dates—I 
think you referred to a Venus probe, did you not ? 

Mr. Horner. It has been referred to as a probe to the Venus orbit. 

Mr. Witcove. With regard to the specific date, is that classified ? 

Mr. Horner. No, sir; it is not classified. The reason we hestitate 
to that out in open session is that it tends to be picked up immedi- 
ately by the press, it becomes a fixed date then, and it raises, by a vari- 
able amount, the pressures that are brought to bear on development 
teams to meet that date, and we are afraid that by bringing those pres- 
sures to bear there might be a tendency to fire, even if something goes 
wrong in the last few hours of preparation, which would indicate 
oe we ought to delay it a day or so, to be sure that the vehicle is 
night. 

e have a very considerable investment in each one of these shots, 
and we feel that the last decision for making the firing should be based 
upon the technical integrity of the vehicle at the time, and in no way 
be influenced by our pressures of public posture at that moment. 

Mr. Witcove. I am not going to press you to reveal a date, but you 
do know, of course, of the access-to-information provision of the 
Space Act under which you operate? 

Mr. Horner. We are very conscious of that, yes. I just wanted 
toexplain our policy. 
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If the committee feels strongly that we should change that policy 
we would be glad to discuss it more in detail and accede to the wishec 
of the committee. 

We think it would be a wrong thing to do. 

Mr. Sisk. We can appreciate your problems. I am inclined tg 
agree basically with the problems that would be created by sayin 
that at 12 o’clock, high noon, on March 5, we are going to fire. S 

I think, of course, on these shots that it might be advisable, where 
you could give the information, to simply say—and this is merely on} 
my suggestion, and maybe this isn’t practical, either—but to simp] 
say we hope in the first, second, or third week in March, everything 
being OK, to fire a shot. 

I think, actually, to be completely factual, that although you may be 
aiming at a target date it is pretty impractical to say a month ahead 
on any of these vehicles that you are going to fire it at exactly a certain 
time; isn’t it? 

I mean to pin it down? 

Mr. Horner. That is very true, Mr. Chairman. Perhaps it is worth 
explaining for just a minute, what our policy is in this regard, in some 
detail. Because I would like to have an understanding of it. 

We feel that we can reveal our planned shots for the ensuing 18 
months, on a quarter by quarter schedule. And you will recall that jn 
our earlier discussions before the full committee in open session we 
er what our schedule was, on a quarterly basis, during that time 

riod. 

Ceeed that we have shown our planned shots by years. Eighteen 
months from now we are scheduling our shots by years. 

Now, obviously, we have to, for our own operations, plan on a finer 
grain scheduling than those kinds of time periods, but as long as we 
have that information held within official circles we then exercise the 
freedom of adjusting those dates to fit the technical integrity of the 
shot as it comes out. 

Now, as the individual shots actually approach, again being con- 
scious of the requirements under the National Space Act of 1958, to 
make full public disclosure of information, we are conscious of the 
problem of the public media. We do advise the press media, the radio, 
television, a week in advance, on a hold for launch release basis, so 
thev are able to prepare for proper coverage of that. 

This procedure has worked very well thus far, and we feel there 
is real advantage in relieving our technical project. people from the 
pressures of meeting a scheduled time and date, that has to be set some 
months in advance in order that all of the preparations are ready at 
the same time. 

Mr. Sisk. I think that is a good explanation and I am inclined to 
agree. You get into problems when you start setting too accurate 
dates. 

Of course, I think it is well to keep the public informed as much as 
possible and I think you certainly indicate in your statement you agree 
with that, as the shots proceed along. 

Mr. RrenimAn. Could I ask just one question. On the last item that 
requires $2 million; the one on advanced technical developments, com- 
ponents and materials. 
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Could you give us a short explanation of what that might be com- 
prised of 

Mr. Wyatt. Yes, sir. 

This is a compilation, actually, of a number of fairly small projects 
that are conducted inhouse at the Jet Propulsion Laboratory, on a 
research and development basis. We have undertaken, in the interests 
of keeping the Jet Propulsion Laboratory at the finest technical pitch 

ible, to more or less, shall, we say, underwrite a certain level of 
effort in self-generated research and development. 

In other words, the people at the Laboratory say “Here is a problem 
which I think needs looking into.” These areas referred to here are 
simply a compilation of a number of things where they look at this 
component as they work along with it, and they say “I would like to 
do some more work; I am not quite pleased with that,” or “Here is a 
material that we are using. I am not quite satisfied that the best 
material is being used, I want to do a little experimenting with it.” 

Mr. RreuiMan. You just can’t point to something specific. It is a 
general term, and you just cannot—it is more or less a guess as to what 
you are going to do, but you need funds for it. 

“Mr. Wrartr. It amounts to a level of effort. We think a balanced 
program requires a certain level of this kind of work, at your own 
volition, and at your own instigation. 

Mr. Hines. It gives you tolerances of operation, in other words? 

Mr. Wyatt. Yes. 

Mr. Sisk. Are there any other questions before we leave this portion 
ofthe program ? 

Imight say to my colleague from New York, it was my thought that 
what we would do is pretty well discuss these and then proceed on with 
the witnesses. Then, possibly, before we actually approve these items, 
take them up in executive session, if you would like. 

Iam not too concerned but what we could do it in open session, but I 
thought at least here in the initial phases we will go ahead and let the 
witnesses discuss these others. Then we can actually go back and ap- 
prove these items. 

SOLID ROCKETS 


Mr. Sisk. Do you wish to just make a brief comment on this? 

I would like to have your comment with reference to the decrease 
because in fiscal 1960 you had $3,785,000. You are only asking for 
$28 million in 1961. Now, just briefly explain the reason for the 
reduction in request there. 

Mr. Horner. It is a reduction in effort based upon the program 
needs. There are certain specific tasks in the solid-propellent area. 
Most of this work is being carried out by the solid-propellent group at 
the Jet Propulsion Laboratory, and this reflects partial solutions— 
advancement toward solution of some of the problems that they have 
tackled, while there is still very substantial work going on in other 
areas, 

The kind of problems they are working on are research and develop- 
ment necessary to producing motors with very low chamber pressures, 
for example. These are most applicable to last stages, to terminal- 
guidance propulsion, because you need relatively lower burning pres- 
sures, chamber pressures, in the hard vacuum of space. 

52493—60-—19 
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They are working on improving fabrication techniques of the rocket 
cases so that a larger fraction of the total weight can be propellent 
because this is the fraction that provides the energy which is the pup. 
pose of the rocket in the first place, of course. 

They are also working on techniques for steering solid-propellant 
rockets. One of the major deficiencies of a solid-propellant rocket jg 
its incapability to be vectored as a whole, like a liquid-rocket enging 
can be. The techniques that are used of vectoring just the nozzles, of 
providing auxiliary gas jets to steer the nozzle, or in some of the older 
systems of actually putting vanes in the jet exhaust, are being studied. 

There is also a need for development work in the area of cutting of 
the propulsion, of modulating the thrust of a solid-propellant rocket. 
Where a liquid-propellant rocket can be throttled, like an interna] 
combustion engine, for example, simply by reducing the flow of pro- 
pellants, this is not possible with a solid-propellant rocket, and this js 
desirable from the point of view of applying a finite amount of thrust 
to give just exactly the right impulse for midcourse, or termina] 
guidance. 

Then a specific application of this type of thrust. modulation, of 
course, is very fine control of thrust cutoff as it finishes burning, 
These are the kinds of problems that are being worked on. The re- 
duction in level of effort reflects progress toward objectives in these 
areas, 

Mr. Sisk. I appreciate that explanation. Of course, the question I 
had in mind, as I glanced over these figures the other day, was the fact 
that once we get out into outer space, if I have understood a lot of the 
testimony we have heard, there are certainly very definite advantages 
to solid-propellant fuel if we can technically handle it. There are 
many problems. However, it is storable and can be carried for long 
distances, and you don’t have the problems of temperature. 

Now, in reading over this NASA budget summary here a day or so 
ago—do you feel there are any insolvable problems in thisarea? This 
is what 1 was somewhat concerned about in this reduction of money 
here, namely whether NASA had in mind, let’s say, to some extent 
dropping, at least for the time being, solid propellants, and their use 
in some of the vehicles, and going more to the hydrogen vehicles. I 
was just a little bit concerned about it. 

I just wanted to make sure that this did not indicate a lessening of 
the effort in the solid-propellant-fuel program. 

Mr. Horner. It certainly does not indicate, Mr. Sisk, any attempt on 
our part to abandon solid propellants in some of their desirable appli- 
cations. We must recognize, however, that this is an area where there 
is substantial work going on in the Department of Defense. We have 
a very closely coordinated program with the Department of Defense. 

For example, at the present time we have an agreement that sub- 
stantially all of the work in very big solid-propellant motors—what 
we call big grain solid-propellant motors—is being carried on in the 
Department of Defense. So in a sense you might say that this redue- 
tion in our level of effort as it is reflected by the funding is influenced 
by the fact of the increase in the amount of work going on in the De- 
partment of Defense, but we sort of recognize this is a joint program, 

Mr. Sisk. I appreciate that. Of course, on the work that is goin 
on now on Minuteman, the solid-propellant rocket, you have fu 
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liaison. NASA will be fully acquainted with every breakthrough and 
all technical research material as it is developed in the Department of 
Defense on the Minuteman program. Is that right, now? 

Mr. Horner. We have a very closely coordinated program. We 
yisit the industrial contractors working on Department. of Defense 
rograms—as & matter of fact, I personally was out to visit Thiokol, 
gho is one of the major contractors in the Minuteman program, only 
3 weeks ago. I think we have completely satisfactory liaison with. 
the Department of Defense in this area. are 

Now, I point out that this reduction of about $1 million in our solid 
ropellent expenditures does not indicate a reduction in the number 
of our scientists who are actually working in this area. There is a 
substantial part of this money that goes for the procurement of hard- 
ware for research and development purposes. 

One of the very important aspects of a development program in 
solid propellants is the actual firing of test rockets. 

Asa specific research program progresses there comes a time when. 
it is necessary to do actual experimental firings. This reduction in 
funding in this particular year reflects a requirement for less of this 
kind of hardware purchase during this year. 

Mr. McDonoven. I have no questions. 

Mr. Rrentman. [ have no questions. 

Mr. Wircove. I understand the President gave your agency juris- 
diction over superboosters. Is that correct ? 

Mr. Horner. Yes, sir; we do have responsibility for the develop- 
ment of superboosters. 

Mr. Wuricove. You have a booster of 1- to 2-million-pound thrust 
that would be considered in that category ? 

Mr. Horner. Most definitely ; yes, sir. 

Mr. Witcove. The Air Force apparently initiated plans looking 
to the development. of a solid-propellant booster of 1- to 2-million- 
pound thrust. How do you account for that ? 

Mr. Horner. I would like to discriminate between words here. It 
ismy understanding, and I am almost certain that this is the case, 
that the Air Force program is not, in fact, pointed toward the devel- 
opment of a booster. It is pe toward fundamental work in re- 
search of solid grain propellants, and big grains. They are at the 
present time considering a contract which had been coordinated with 
us, and which we very heartily endorse, for the development of a 
solid-propellent grain size which will produce, I believe, 20 million 
pound-seconds of total impulse. 

Now, this could be used, for example, in a rocket motor to produce 
amillion pounds of thrust for 20 seconds. It has not anywhere near 
approached that stage of development at this time, and it will be a 
matter of years before it does. 

I would also point out that it could be used for a 250,000-pound 
thrust for 80 seconds. So in that sense there is that degree of lati- 
tude. This is one of the very attractive aspects of solid propellants, 
incidentally. You can have a wide range of combinations of maximum 
thrust and controlled duration. 

Mr. Wixcove. From all I have heard, the Air Force hasn’t gone 
too far, but they apparently look toward a booster that could have 
41- or 2-million-pound thrust. 
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Mr. Horner. I am sorry. I did not make myself clear. It ig no 
a booster in the sense of being a vehicle that will lift a space vehicle 
It is only a solid grain motor of a total impulse of this size, and jt 
could have the capability of producing a million-pound thrust for 99 
seconds. But obviously that is of no use in a space program. <A 99. 
second motor wouldn’t lift a vehicle out of the atmosphere. It wouldn't 
be useful for that purpose. This is an experimental development 
program. 

Mr. Witcove. Then what use would the Air Force have for this? 

Mr. Horner. If they used this particular grain size I would suspect 
it would be on the order of 250,000-pound thrust engine for 80 seconds, 
which is the size they are currently working toward. 

Mr. Witcove. The rumors in the industry, though, seem to be 
that they are aiming for a motor of 1- to 2-million-pound thrust, 

Mr. Horner. I can understand how the rumor is generated becay 
as I mentioned, the motor can have a million-pound thrust for 20 gee. 
onds. This, as I said, is one of the flexibilities in solid propellant, 

Mr. Wucove. If they carried through further on that, if they went 
into a feasibility study on the development of a motor of one to two 
million-pound thrust, would you feel that would be taking away some 
of your jurisdiction under the President’s orders ? 

Mr. Horner. We haven’t approached that problem yet. Certainly 
if they were to develop a motor four times the size of the one that | 
understand they are looking at at the moment that had a total of 
impulse of 80-million-pound seconds—in other words, had a capa- 
bility of producing a million pounds of thrust for 80 seconds, and 
assuming that that was feasible, which we are not certain of yet, then 
we would definitely be interested in that, and we would determine as 
to whether or not that should be a development under our cognizance 
or under the cognizance of the Department of Defense. 

T think again this would depend upon proposed uses of it. 

Mr. Wuccove. What would be your definition of a superbooster? 

Mr. Horner. I don’t think there has been a finite definition. It 
has generally been accepted that a booster with a rocket engine pro- 
ducing a thrust of a million pounds or over is in the category of the 
super er. Now, I don’t know that that is a firm cutoff. Tun not 
saying that a 900,000-pound engine isn’t the superbooster. We just 
don’t have any of that size. 

The term “superbooster” has been used to speak of Saturn and the 
Nova type vehicles. 

Mr. Sisk. Are there any further questions on solid propellants? 

By the way, while I think of it, there is one further question I 
wanted to ask, particularly with reference to the $13 million item in 
this program for the Centaur package there. 

Have any contracts been let with firms anywhere at the present 
time on that program? Do you have any outstanding contracts? 

Mr. Horner. On the $13 million, Mr. Sisk? 

Mr. Sisk. Yes. 

Mr. Horner. There have been no contracts—well, there may have 
been some small supplier contracts let by the Jet Propulsion Labora- 
tory to provide components for their material development. 

Mr. Hyarr. Probably components. This is a fiscal year 1961 initia- 
tion, and first we have to catch the rabbit. 
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Mr. Sisk. Actually, there would be no contracts as of the present 
time—none have been let ? 

Mr. Horner. Not in that $13 million. There may have been in the 
component areas which are on the first three lines there, I believe, 
whieh will feed into that area ultimately. 


LIQUID ROCKETS 


Mr. Sisk. Now, we will move into liquid rockets. Here we are 
confronted with a request of $63 million as against $30 million last 
year, Which means we are dealing with a rather substantial sum of 
money, so I would like some comments on your justification on that, 
inaddition to what we have here in the printed form. 

Mr. Horner. Mr. Hyatt will discuss this section of the program, 
Mr. Sisk. ; 

Mr. Sisk. All right, Mr. Hyatt, go right ahead. 


STATEMENT OF ABRAHAM HYATT, DEPUTY DIRECTOR, 
LAUNCH VEHICLE PROGRAMS 


Mr. Hyarr. The liquid rocket engine program, of course, is our 
mainstay at the present time in the space program. 

Of the total of $63 million, about two-thirds goes into the big mil- 
lion-and-a-half-pound thrust engine. Another fourth goes into the 
development of a A agen pc liquid oxygen, liquid hydrogen, en- 
gine which eventually will power one of the stages of the Saturn 
vehicle. 

The rest of it, some $514 million, is used for an innumerable num- 
ber of items that we would have to work on, in the development of 
liquid engines. We have problems such as burning propellants stably 
in rocket engines. 

Rather than conduct the experimental testing and development 
with full size engines, it is frequently possible to learn much of the 
phenomena of combustion with scale models. They are much less 
expensive to construct and to test. For example, in one case, to study 
combustion oscillations, a two-dimensional model was constructed with 
transparent sides. By such means the burning process in the chamber 
could be photographed and carefully studied. It is this kind of work 
for which the additional funds are needed. 

Another area of effort is the early applied research and experi- 
mentation to develop engines using storable propellants. Such en- 
gines will eventually be needed for changing direction in space flight, 
for slowing down to land on the moon and for escaping from the 
moon. It is true that at this time such engines are not needed, but 
much time is required to develop and perfect them. They are among 
the longest leadtime items. If we are to have them at the same time 
that we will have launching vehicles capable of putting sufficiently 
large load into space to need the engines, then it is necessary to start 
and carry on the development now. The funds asked for are just 
enough to carry on the work at an efficient and ecomonic level. 

Mr. Sisk. Now, this $41 million. Let us discuss that one item for 
a moment. 

How much of that $41 million is going to North American, or its 
Rocketdyne Division, under existing contracts ¢ 
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Mr. Hyarr. All of it, with the exception of fuels. We provide 
fuels. The total of fuel on there—I could make a guess, but I would 
rather furnish the number if that is desired. 

Mr. Sisk. Make a guess. You mean with reference to— 

Mr. Hyarr. I would say about $5 million of that would be for fuel, 
Liquid oxygen, liquid nitrogen, ordinary jet propulsion kerosene 
fuel, etc. 

Mr. Sisk. How much money has gone to Rocketdyne so far? 

Mr. Hyarr. Ten million dollars in fiscal 1959. Twenty-three mil. 
lion dollars in fiscal 1960 ($1.2 of the $24.2 shown. was for fuel), If 
you subtract $1.2 for fuel, it is $23 plus $10 or $33 million. 

Mr. Sisx. The original contract with Rocketdyne was for approxi- 
mately $102 million. Isthat right ? 

Mr. Hyarr. That is right. 

Mr. Sisx. This $41 million is just a part of that contract. Is that 
right ? 

Mr. Hyarr. That is right. 

Mr. Horner. Mr. Sick, it is necessary to note that actually that 
$102-million contract has been amended to be $105, now. It is neces- 

sary to note that called for a specific statement of so much work on 
this engine development. 

It is undoubtedly true that if we are to use this engine in a vehicle, 
that statement of work will have to be still further amplified to pro- 
duce a reliable engine adapted to a specific vehicle, and that will be 
in later year funding. 

Mr. Stsx. Of course, that is the thing I was going to get into a 
little bit later. I want to yield here to my colleagues in case they 
have some questions. I don’t want to dominate the questioning. 

I am concerned, of course, because we discussed last vear in these 
same hearings, as my colleagues will remember, just what we were 
going into. I realize that some of these questions are impossible for 
you people to answer because you don’t know all the complexities and 
problems you are going to run into. But we talked about the $102 
million—as you say, now, I believe, $105 million. In all probability, 
this is only the first phase on this 1.5-million-pound thrust engine. 

I do think this is something that our committee, being responsible, 
is going to have to watch. I think you will agree with me that we want 
to watch this rather carefully and try to be as sure as possible that 
everything is being done that can be done to conserve dollars and still 
get ahead as rapidly as we can on this program. I would hope that we 
will be given as much information as possible as we add to that par- 
ticular contract. 

Mr. McDonouen. I have no questions. 

Mr. Mr. Riehlman. 

Mr. Rrencman. I have no questions, Mr. Chairman. 

Mr. Stsx. Now, how much of this money in this list here is involved 
in the Saturn program? What portion of this, with reference to liquid 

rocket fuels, is concerned with the Saturn program ? 

I believe the budget calls for $134 million for Saturn. How much 
of this is involved in the Saturn ? 

Mr. Hyarr. The portion of this program that will eventually go to 
Saturn is the $16 million for the large hydrogen-oxygen engine. 

Mr. Stsx. That is an upper stage ? 
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Mr. Hyarr. A second stage. And possibly a third stage, also. No 
money for this engine is carried in any other place in our budget. All 
of the rest of the money carried under the Saturn program is for the 
Saturn vehicle itself. ay 

Mr. Stsk. Going back to this 1.5-million-pound trust, and this $41 
million that is involved here, how much other money is included in 
this research and development budget for this 1.5-million-pound- 
thrust engine 

Mr. Hyarr. No other money in research and development. 

Mr. Sisk. This is the entire amount in the research and development 
budget for this program ? 

r. Hyarr. Yes, sir. 

Mr. Sisk. How far along has North American gone in its develop- 
ment? How much money has been expended so far as of the moment ? 

Mr. Hyarr. We can supply that. 

(The information requested is as follows :) 

As of January 31, 1960, Rocketdyne has recorded costs of $13,992,439 and has 
a total of recorded costs plus uninvoiced commitments of $19,188,493. The 
presently assigned total funds in the contract are $33 million which are esti- 
mated to cover costs until August 30, 1960. 

Mr. McDonoveu. It is presumed here that funds for 1959 and 1960 
have been expended, and you are asking for $41 million for 1961. 

Mr. Horner. They are currently on their obligation rate. They are 
currently obligating money at the rate of $2 million a month, which 
is indicated in the fiscal year 1960 appropriation. That means that of 
the current year’s money there is still about nine—something like $9 
million, or $10 million, left to be obligated during the current fiscal 
year. 

" Now, of course, a lot of that money has not been actually spent, and 
it won’t be spent until the actual hardware items have been produced, 
or work has actually been done. 

Mr. McDonoven. I am interested in the chairman’s question from 
this point of view, also. This is a one million-and-a-half-pound- 
thrust rocket engine, isn’t it ? 

Mr. Horner. Yes, sir. 

Mr. McDonovucu. And the money that has been spent up to the 
present time, has that been spent in research and development or hard- 
ware? Have you built any part of the million and a half 

Mr. Horner. It has had considerable development work actuall 
done on the engine. The thrust chamber has been developed and fired. 
They have fired it enough so that they are fairly well assured of stable 
burning, that the burning is steady and will not oscillate to explosion. 
There has been considerable work done on the regenerative cooling 
of the nozzle and chamber. They are currently fabricating a test 
engine which will be tested at the Edwards Rocket Engine Test 
Station. 

Mr. McDonoveu. That isa captive test ? 

Mr. Horner. A captive test; yes, sir. 

_ Iwould remind you that this is only an engine development. There 
sno money in this for a vehicle development at this time. Some of 
the money we were discussing earlier in vehicle technology that Mr. 
bay spoke to is being used for studies as to how best to fabricate 
vehicles of this size to be used ultimately with this engine. 
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Mr. McDonoven. You have no precedence to go on here, do you} 
You are experimenting all the way here, aren’t you ¢ 

Mr. Horner. That is exactly right, in terms of any vehicle of this 
size. The nearest rocket engine of this size has been under develo 
ment at Rocketdyne, the same people who are developing this engine 
at a size level of about 400,000 pounds, so it is a size about one-fourth 
the size of this engine, and it isa scaling up process. 

Mr. McDonovucu. They have developed that, themselves ? 

Mr. Horner. They developed it under the sponsorship of the De. 
partment of Defense. 

Mr. McDonovueu. That has never been used to fire a spaceship ? 

Mr. Horner. There has never been a vehicle built around that en. 
gine; no, sir. 

Mr. McDonoven. And the work that has been done is on the first 
chamber, the single chamber of 114 million pounds thrust ? 

Mr. Horner. Yes. Well, there have been a few chambers fabri- 
cated in the experimental program. Part of this process is inevitably 
a cut-and-try process. The science of designing combustion chambers 
is not an exact science. You design them to the best theory that jg 
available, and then go out on the test stands and try them. You fre- 
quently find when you try them that although the theory says you will 
have stable combustion you in fact do not have stable combustion, and 
then you change some of the physical parameters such as the length 
to diameter ratio of the combustion chamber, or the characteristics 
of the fuel injection plate, and you just try until you get a proper com- 
bination that works well. 

In 15 years of rocket engine development this is still necessary. It is 
perieanian y necessary in this because, as I mentioned, there is no prece- 

ent for this size. 

Mr. McDonoveu. Is the principle involved here the same as the 
principle in a jet propulsion airplane engine ? 

Mr. Horner. Some of the principles of thermodynamics are cer- 
tainly the same, and applicable to both technologies. The major dif- 
ference, Mr. McDonough, is in the rocket engine the oxygen is also 
provided, whereas in the turbojet the oxygen is taken out of the 
atmosphere that is drawn through the engine. 

Mr. McDonoveu. And, of course, the volume and the expulsion is 
much greater in this engine than it is in the other? 

Mr. Horner. This is almost purely a function of the rate of pro- 
pellant consumption. The propellants are consumed much more 
rapidly than they are in a turbojet engine. 

Mr. Hyarr. Also the temperatures. 

Mr. Horner. Of course, for comparable size thrust, the flows are 
comparable. 

Mr. McDonovucnu. You are escaping gravity at a right angle where 
the other way you are escaping gravity at another angle. 

Mr. Horner. There is a real influence, as far as a space vehicle is 
concerned, on the difference in gravity losses, depending on exit angles. 

Mr. Sisk. Now, let us go back to the schedule on the 1.5-million- 
pound-thrust engine. This is after all, I think, one of the most im- 
portant features of NASA’s work in the future, because this appar- 
ently is going to have to be the vehicle which we hope will become the 
workhorse in space, or will be the foundation of that workhorse, is 
it not ? 
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Even though we think of Saturn today as supplying the propulsion 
that we are going to be dependent on for the immediate future, yet, 
looking ahead some years—and I am thinking now of 1968 and 1970— 
this program actually is fundamental and basic to your whole effort, 
isn’t it 

Mr. Horner. Yes, sir. 

Let me illustrate that by an example. One of the objectives which 
we see down the road in our space program, not in the current decade, 
but perhaps in the next one, is the landing of a man on the Moon. In 
order to do that, the propulsion energy that is required is of such mag- 
nitude that if such a mission could be carried out with a direct ascent 
from the Earth, using liquid chemical propulsion systems, an engine 
of this size appears to be necessary. 

As a matter of fact, it appears that we will have te use numbers 
of these engines grouped together to produce a total thrust of between 
5 million and 10 million pounds for launching the first stage from the 

ound in order to produce a sufficient payload at the Moon that we 
will have propulsion available there to return to Earth. 

Now, there are other possibilities, other possible ways of accom- 
plishing this mission. Two of them that I might mention just 
very quickly is the possibility of using a Saturn-size vehicle, and 
doing orbital refueling. In other words, having several smaller ve- 
hicles rendezvous in an orbit with the Earth, refueled in this orbit, and 
then start from there toward the Moon, which will take less energy 
from that position. 

Another possibility, of course, is using a nuclear rocket. 

Now, there are various risks, different development tasks and dif- 
ferent advantages and disadvantages to each of these systems, but 
recognizing that this is perhaps the most straightforward system 
based upon this particular engine, we feel that it is essential at this 
time to go ahead with the development of this engine, though we have 
not at this time started the development of the vehicle portion. 

Mr. Sisk. Do you feel the F-1 engine project is on schedule? Are 
you satisfied with the way it is proceeding? I am referring to the 
work Rocketdyne is doing and the whole program on the 1.5-million- 
pound engine 

Mr. Horner. It is not on the schedule it was originally contracted 
for. It was originally contracted, I believe in January 1959, on a 
schedule to produce a qualification of the engine by actual test ex- 
perience on a static test stand in a period of time of 314 years. We 
recognized from the beginning that there had to be some flexibility— 
perhaps 314 to 4 years. Forty-two to forty-eight months. 

However, during the past year we have had to stretch out that 
schedule because of a shortage of resources. We have established a 
new schedule of perhaps a year to 18 months longer than the original 
schedule, and based on that schedule this new sum of money is proper 
support for the engine, 

The reason more money is required this year than was required last 
year is because of the changing status of the program as it proceeds 
down the development path. As we get more of the design work done 
we have done more of the experimental fabrication, and we know 
how to make parts. We then must go into this phase of the develop- 
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ment program which requires large numbers of tests to develop and 
demonstrate the reliability of the individual components. 

It is this part of the program of making repeated rocket enging 
runs, using up large amounts of propellants, and using up the actual 
hardware, that becomes quite expensive, this is why we have had to 
from $24 million during the current fiscal year to $41 million during 
the next fiscal year. 

Mr. Sisk. Now, how much have we stretched out beyond the go. 
called 42 to 48 months? What is now the schedule? 

Mr. Horner. It is approximately another year. 

Mr. Sisk. In other words, we have gone up to probably 60 months, 
Is that right ? 

Mr. Horner. Yes, sir; total time. 

Mr. Sisk. You said here “because of a shortage of resources,” 
Now, what are you talking about? You say this has been brought 
about by “a shortage of resources.” I believe I am quoting you. 

Mr. Horner. Yes, sir. 

Last summer we had to make an accommodation to our pro 
as you will recall, as a result of lower appropriations than authoriza- 
tion. This was in the amount of about $30 million, and we had to find 
that money in the program that we had planned at that time on the 
schedule that we had planned, from those elements in the program 
where the money could be made available. 

This particular engine was at a stage of development at that time 
where it was one of the few places that we could get this kind of 
accommodation, and the money in this particular program was reduced 
by a little more than $6 million. And at that time we had to reconsti- 
tute the schedule. 

Mr. Sisk. Well, I recall very well the fact because I had to take the 
floor on this particular issue when the Appropriations Committes 
reduced it about $30 million. 

Mr. Wyarr. I believe it was $34 million. 

Mr. Horner. It is just $29,725,000. 

Mr. Sisk. Some of us were somewhat concerned about that at the 
time. 

In answer to questions on the floor at the time this incident occurred, 
Congressman Thomas of Texas, who was, as I recall, handling the 
bill—I may be wrong there, I believe that is right—indicated they 
wanted to see this program proceed, that there was no intent on the 
part of the Appropriations Committee to slow down work and that if 
the moneys appropriated were not sufficient to meet the schedule and 
demands, at your request they would take care of the situation. 

When did you first make an additional request? When did you 
make a request for supplemental funds to offset this problem ? 

Mr. Horner. Mr. Sisk, this kind of a procedure is not possible in a 
development program of this nature. We were at a very sensitive 
time in the program when many of the components were actually under 
design, where the prime contractor was going out on subcontracts and 
making commitments and neither could he legally authorize his sub- 
contractors to obligate funds nor could we authorize him to obligate his 
people to resources we did not have legally available to ourselves. 

The program was in such a status, and I believe the Congress was s0 
advised by the Administration at that time, that we needed the money 
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available at that time, in July of 1959. Not getting the money, we had 
toreschedule the program. We really had no choice. 

Mr. Sisk. I appreciate your answer. I hope you understand, Mr. 
Horner, there is no criticism on my part implied at all in this situation, 
but I think what we desire to do here is to make a record as clear and 
concise as possible and to indicate this has happened because of a failure 
to make this total appropriation. We are going to have to go to the 
foor very shortly and justify every dime in this budget and at the 
same time if we, who have the responsibility of authorizing it, feel 
that the money is necessary, then we are going to have to be in a posi- 
tion to say to the A oR aapatores Committee that it is imperative this 
money be made available. 

Therefore, I think it is well to establish for the record—and there 
is nothing political in this one way or the other—that a lack of ap- 

ropriations might tend to slow down a program. That is why I 
think this is of some interest here. I am somewhat concerned now. 
It would seem to me, then, that what we have actually done here 
js delayed the progress and the ultimate completion of a large size 
engine by a year to a year and a half or maybe 2 years. Is that 

nerally true? 

Mr. Horner. Yes, sir. 

Mr. Stsk. And you say that is specifically due, not to any delay 
on the part of North American or Rocketdyne or anyone else but 
due to the fact that you did not have the money available last 
July 1—— 

Mr. Horner. That is clearly the case, Mr. Chairman. 

Mr. Sisk. To make the commitments. 

Mr. Horner. Yes, sir. 

Mr. Rreuiman. It was a lack of something like $6 million. Am I 
correct in that ? 

Mr. Horner. The total budget—I almost used the term deficit but 
it isn’t a deficit until we have it and we didn’t have it. 

The total difference between the authorization upon which we had 
originally based our program planning and upon which the schedule 
for this particular engine development was based, the difference be- 
tween this authorization and the appropriation was about $30 million. 
I think it was $30 million and a few hundred thousand. 

Mr. Rreutman. That is the overall reduction ? 

Mr. Horner. In our total program. 

We had to go to our program and find ways of saving from our 
planned obligation rate, this $30 million. The only places we could 
save this, and do the least damage to our programs—one place was 
in this large engine and we found it necessary to reduce this by 
something over $6 million. 

Mr. Rreutman. And that reduction of $6 million has retarded the 
2 aig as much as 12 months? 

r. Horner. Yes, sir. Now, this might seem out of proportion 
but it is a function entirely of where in the program this kind of 
reduction occurs. And as I mentioned, this particular development 
program was rather sensitive to a reduction at this time because it 
was in the design stage and it was in the configuration formulation 
stage and many things just had to be delayed because of the lack of 
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this $6 million, Having delayed this, puts off the whole test program 
and the test program procedures. 

Mr. Rirentman. Well, right now the appropriations committee has 
under consideration a supplemental. Are funds included in that 
supplemental to step up this program ? 

Mr. Horner. No sir, they are not because it was clear to us that 
we could not have supplemental appropriations available until some- 
time during this half of the current calendar year. It doesn’t make 
good development sense to carry a program along at a level of, for 
example, $2 million a month, and then make a sharp increase. We 
have to make a consistent programing increase because in the final 
analysis, this is a function of the people you bring to work on this 
program. 

So we had no choice but to reschedule the program at this time, 
and this is really the reason why we actually lost more time than 
would seem to be commensurate with the proportional reduction of 
funds. 

T am afraid I haven’t made this very clear but let me try it this 
way: If we had asked for a return of that money in the supplemental 
it couldn’t actually be applied to the program very much ahead of 
the fiscal year 1961 appropriation anyway. 

Mr. Rrentmay. Is that because of the programing ? 

Mr. Horner. It was partly, Mr. Riehlman, because of our assess- 
ment that the earliest we would likely get a supplemental appropria- 
tion would be in March or later of this year anyway and there isa 
matter of a very few months difference between the availability of 
a supplemental appropriation and a 1961 appropriation. 

Mr. Rrenuman. And nothing could be done in a constructive way to 
really speed up the program. Even if you had the funds available 
in March. 

Mr. Horner. I wouldn’t say that nothing could be done but any- 
thing we did do would not be as effective a use of our resources. It 
would be an inefficient use of our resources because of a jog in the 
program. And it was our judgment that it would be better to sched- 
ule the program then on the basis of the money that we had actually 
available. 

Mr. Rreuiman. Now, if you get the full amount that you have 
requested in fiscal 1961—that is the $41 million—have you a program 
that you can set, or a target date in the future when it will be com- 
pleted if these funds are available? 

Mr. Horner. I should point out to you that these funds we are 
asking for in fiscal year 1961 will not complete the program, There 
will be additional requirements in fiscal year 1962 but we do have 
such a schedule program, yes, sir. 

Mr. Rreutman. With this scheduled program, if we furnish the 
funds that are necessary, this year and next year, will we meet the 
target date that you have set ¢ 

Mr. Horner. Yes, sir. 

Mr. Rreniman. But you will pick up none of the lag time that has 
been lost because of the lack of funds in the 1960 appropriation? 

Mr. Horner. The program is just not so chelated: that is all. 
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Mr. Sisk. Let me ask you this, Mr. Horner. Last year you were 
iven What, about $385 million for research and development funds? 
What was your total research and development for NASA last year? 

Mr. Horner. $320,350,000. 

Mr. Sisk. This was appropriated. Is that right? 

Mr. Horner. Yes, sir. 

Mr. Sisk. Let me ask you about the priorities. I am sure you have 

riorities over there now. What is the priority on this 1.5-million- 
und-thrust engine ? 

Mr. Horner. In our program the priority we apply to work on this 
engine is very high. I cannot say it is the highest in our program, 
because we have not established a national priority on this program, 
we haven’t felt that it was necessary or useful. 

It does hold a very high priority in our total program. 

Anticipating vour next question, however, I would point out that 
regardless of priority there are a limited number of places where we 
can make program reductions without doing permanent damage to the 
whole NASA organization and the ongoing program. 

In other words, we really don’t have latitude to save $30 million by 
reducing the number of employees we have. This would require a 
tremendous reduction of the number of employees and we would deci- 
mate the whole organization. We did have to make reductions in 
other programs and we have made vital program changes as a result 
of that $30 million reduction. 

The $6 million reduction in this particular engine development pro- 
gram was our assessed judgment of the best application of the reduc- 
tion for the overall, long-term health of our ongoing development 
program. 

Mr. Sisk. Of course, you pretty well anticipated my next question. 
Out of the $320 million of research and development money it seems to 
me as though $6 million—and that is what we are talking about with 
reference to this particular program: [ realize you had a shortage of 
$30 million on the overall, but, of course, if you had a top priority on 
this particular program, then with the flexibility which you have to 
transfer funds back and forth it would have seemed to me that had it 
had high enough priority in the minds of the administrators of the 
program that the $6 million could have been found. I am not trying 
to be critical. I realize you had to assess the situation and do the best 
that you could under the circumstances. 

Mr. McDonoven. Was there a physical barrier ? 

Mr. Horner. May I point out some of the difficulties we have in do- 
ing this kind of a thing to our program: If we had decided, for ex- 
ample, to reduce obligations on some of the other projects that were 
further along we would have been in an area where there were already 
contracts out in various elements of industry and there was also al- 
realy under fabrication pieces of hardware. To a large extent this 
was not the case in this engine. But in those cases if we had reduced 
our obligations to those kinds of projects that had already advanced 
tothis stage it would have meant going out and canceling a lot of con- 
tracts, it would have meant termination charges, it would have meant 
a lot of half-completed hardware that was absolutely useless to any- 

ody, it would have been a complete waste of funds. And so in this 
kind of a situation we almost inevitably must take these reductions in 
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the projects that are furthest in the future. And this engine, you gee 
was 4 years inthe future. It had asmaller fraction of the total inyegt, 
ment at that time already applied to hardware. So in cutting down on 
one of these projects, we don’t actually terminate work that is now jn 
process, which is extremely wasteful, and I am sure the committee 
would not want us to do, and what we actually do is slow the rate of 
buildup, which is important to meeting the schedule. 

In other words, we just have to level out the rate of expenditure on 
that project for some period of time until we recoup the rate with 
following-year appropriations. 

This is the Te of an exercise we went through on this project, 
We did face the problem, for example, that we had a higher priority 
peope in the Mercury in our estimation, which we treat as the 

ighest priority program. We did have to use some of our transfer 
authority that you mentioned, and which has been extremely useful 
to us, in actually transferring funds into Mercury so that we did retain 
the rate in that program. We had to make many other adjustments, 

All I can say, without going through a detailed analysis, a reduction 
of $6 million in the rate of buildup of the F-1 engine development was 
in our judgment the best use of the resources that were made available 
to us. 

Mr. Sisk. What you actually did, then—just to sum up, so I ean 
have it completely clear in my mind—you had planned on making 
available to Rocketdyne approximately $30 million. That is what you 
had programed on the F-1 engine? 

Mr. Horner. Yes, sir. 

Mr. Sisk. Which was two and a half million dollars a month 
throughout the fiscal year 1960? 

Mr. Horner. Yes, sir. May I 

Mr. Sisk. So you actually reduced that to $2 million per month? 

Mr. Horner. I would just point out that that is an average figure, 
Mr. Sisk. The previous year it had been at the rate of about $1 million 
per month. You don’t just go from $1 million a month up to $24 
million a month. You build up gradually during the year. It was 
our intent to finish this year at a rate of slightly more than $3 million 
a month, to phase into the follow-on year’s program. Instead we are 
going to finish this year, slightly more than i million a month. 

Mr. Sisk. So that next year you have programed about $3.3 million 
per month overall average. 

Mr. Horner. Yes. 

Mr. Sisk. In other words, you will go into 1961 at a figure of 
something like $214 million with a gradual upgrading and you will 
wind up the year with something in the neighborhood of $4 million 
per month. Is that correct ? 

Mr. Horner. That is correct and that is about a stable level for this 
development program then during the test period. 

Mr. Sisx. I will conclude with one question. I don’t want to beat 
this to death, but this is one of the large items, of course, in our part 
of the budget. This is one program that I know we discussed at length 
last year and I think it is very important. 

This $41 million, then, is, in your estimation, all that you can feasibly 
spend. That is, you did not request $45 million or 350 million and 
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then were cut down, were you? What is your situation on that par- 
ticular item ¢ 

Mr. Horner. You will recall, Mr. Sisk, that this is one of the items 
that was augmented by the recent studies we were directed to perform 
in the super booster program. As a result of this study we actually 
added to this item, $15 million. It is our assessment that this is now 
the best balance of resources on this program, considering all other 
gements of the super booster program also and the schedule upon 
which we can commit resources to build the vehicle to go on this 
ngine. 

. Mr. Stsk. Do I understand the initial idea was to ask for $26 
million and because of this study you increased it to $41 million? 
Have I understood you correctly ¢ 

Mr. Horner. In the $802 million budget that we submitted to the 
Congress, the item for the F-1 engine here, was $26 million. How- 
ever, that in a sense was a rather artificial figure since we were in a 

ition, timewise because of the Huntsville transfer, and because 
of the recent transfer of super booster development responsibility to 
NASA, of submitting a figure which had to be in the context of our 
current budget at that time. However, we were already making a 
study to identify the optimum level of support and it was as a result 
of that study that we added the $15 million. 

Mr. Sisk. In other words, the $15 million is that portion of the 
$113 million which the President approved—in addition to the budget 
as it originally came out—to be devoted to this particular program ? 

Mr. Horner. Yes, sir. 

Mr. McDonovau. Is the 1.5-millon-pound-thrust an arbitrary 
figure or could we do it faster if we built two 1-million-pound-thrust 
engines / 

Mr. Horner. These specific thrust levels must in the final analysis 
have some element of arbitrariness about them. They are a balance 
between what we think is the logical next step based on our current 
experience. As I mentioned earlier we had already seen the develop- 
ment and successful firing of a 400,000-pound-thrust chamber. That 
— actually was run with components that were sized at a half 
million pounds—500,000 pounds. I believe the current contract calls 
for the development—and I would ask one of my associates to correct 
me if I am wrong about this—calls for the development of this engine 
at a nominal level of a million pounds with a demonstrated growth 
to 1144 million pounds, and I am fully confident, the way develop- 
ments usually go, that it will be qualified at 1144 million pounds. The 
firings to date on this particular chamber have been nearer a million 
one actually than they have been at a million and a half pounds 

ut the performance parameters have been demonstrated which will] 
produce the million and a half pounds. 

Mr. McDonoveu. Wait a minute. Do I understand the chamber 
for this engine would be the same size for a million pounds thrust, 
but the design of it will be built up without enlarging it, to make it a 
nillion and a half pounds? 

Mr. Horner. That is correct. The chamber has been fired at 
something like 10 percent over a million pounds. However, by 
increasing the chamber pressure, the million and a half pounds— 
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increasing the chamber to the nominal design level, the million-and-. 
half-pound-thrust level will be reached. 

Mr. McDonovuau. Then there would be no advantage in building a 
million-pound-thrust engine ? 

Mr. Horner. It has been the history of the engines that they grow 
through maturity, anyway. 

Mr. Sisk. Has the staff any questions? 

Mr. Wiutcove. As the chairman says, we don’t want to beat the F-y 
engine into the ground. As a matter of fact, we want to get it of 
the ground. 

I personally regard the F-1 engine as more important if not as 
spectacular, as Project Mercury. 

Let me ask you a few questions about it and see if we can’t develo 
something on this. The United States has a thrust of about 380,000 
pounds now. Our maximum. For more than a year now, the Rus. 
sians have had around 800,000. Now we are striving through the 
Saturn rocket to obtain a thrust of 1.5 million pounds. I think we 
can assume as a matter of logic that the Russians, already being ahead 
will try to keep ahead of us. By the time we obtain a thrust of one 
million and a half pounds we can assume the Russians will have not 
only that but more. So it would appear to me that the Nova project, 
which would give us anywhere from 6 to 10 million pounds of thai 
and which would take a very long time to produce, might be our 
one big chance of not only catching up with the Russians but possibly 
surpassing them. 

Now, as I see it, you have traded a year or a year and a half on the 
development of the F-1 engine, for $6 million. Would you say that 
is a correct conclusion ¢ 

Mr. Horner. That isthe situation, yes, sir. 

Mr. Witcove. Your most important project you consider to be 
Project Mercury ? 

Mr. Horner. Yes. 

Mr. Wucove. What would you say is your next one? 

Mr. Horner. The development of Saturn. 

Mr. Wiccove. And after that ? 

Mr. Horner. I don’t think we have focused exactly on this ques- 
tion but I would say certainly the F—1 engine is very close, after the 
development of Saturn. 

Mr. Witcove. It would be about third ? 

Mr. Horner. We are very conscious of the fact that we have to 
have a continuous flight program. We can’t focus entirely on the 
late 1960’s to produce something. That is not intended to be face- 
tious in any way because we would have little value in producing this 
kind of delivery capability unless we also had the capability to use 
it. And there is a tremendous amount of work to be done in the 
development of spacecraft to actually use the load-lifting capability 
that we are developing. We don’t feel confident to start out and make 
the optimum development of a 40,000-pound orbital item. We have 
things that are very attractive to do with space vehicles that can be 
lifted bv the Centaur, for example. 

Mr. Witcove. Do you say that the 12 to 18 months’ lag in time, then, 
isn’t too important because we might not have a space vehicle ready to 
be used with it if we had the F-1 before that time? 
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Mr. Horner. I would not say it is not very important. I don’t 
think we can be that wise at this period in time. I can only point 
out that we certainly have our work cut out for ourselves to properly 
yse the space vehicle weights that we currently have scheduled in the 
time periods in which they are scheduled to be available to us. And 
[ would also point out that in our program planning we cannot look 
upon competition with the Russians as the only criteria for develop- 
ing these vehicles. There is a tremendous amount of scientific explor- 
ation of space near the Earth, the cis-lunar space, and the space of 
the near planets which is available to us before we require load lifting 
capabilities in excess of those the Saturn provides. 

Mr. Witcove. Is there a question in the minds of NASA that if 
the F-1 engine had been developed in 42 to 48 months, there was a 

ood possibility that when the F—1 engine was ready for use, a space 
vehicle would not also be ready ¢ 

Mr. Horner. I would like to emphasize one other thing and I think 
this is of more importance: The original contract called for what we 
call flight qualification of the F-1 engine in 42 months. Now, by 
rather arbitrary definition, flight qualification means that a rocket 
engine has been run a given number of seconds and has done a given 
number of tests and met certain specific conditions. It in no sense of 
the word is ready for the propulsion of a vehicle at that time. 

It requires literally hundreds of tests of all different kinds, even 
after flight qualification, before it is finally determined to be a relia- 
ble engine upon which we would want to invest tens of millions of 
dollars in a vehicle and payload. 

Whether or not we had this engine flight qualified in 42 months or 
in 60 months, you see does have some bearing on when it becomes a 
reliable engine through successive testing. 

It is also somewhat a function of the tempo at which we test after 
it becomes flight qualified and this will be more dependent upon our 
assecsed need for the vehicle in the middle sixtys and the late sixtys. 

Mr. Witcove. Well, I believe there was some planning, at least 
tentative, that the vehicle would be ready for flight use, if I may put 
it that way, in about 6 years. That schedule would be delayed to 
seven or seven and a half on that basis? 

Mr. Horner. The earliest proposed experimental testing of such a 
vehicle in our current program I believe is 1968. So it would not 
really be likely that a useful vehicle—I am speaking now of what we 
have called the Nova class of vehicles—will really be useful in the 


sixty’s. 

Mr. Wricove. Is it not your thought to use the F-1 as a booster for 
aspace vehicle ? 

Mr. Horner. As a single engine? 

Mr. Witcove. Yes. 

Mr. Horner. We are very conscious of the fact that the F-1 pro- 
duces the same total thrust that the Saturn does. In these kinds 
of developments it is always desirable to have a backup. Something 
un your sleeve in case you have what we would term a development 
failure. 

It is certainly true that should we find problems that are currently 
unanticipated in the Saturn, it might be desirable to base a Saturn- 
size vehicle on a single chamber of the F—1 engine. 


52493—60——20 


-a- 
7a 
OW 
off 
as 
op 
00 
he 
ve 
d, 
ne 
ot 
ct, 
ist 
ur 
he 
at 

| 
be 
16 | 
18 
1S 
38 
18 
y 
re 
ny 
0 


302 1961 NASA AUTHORIZATION 


Mr. Witcove. What plans are you developing for a space vehicle 
to be used with the F—1 engine, or Nova? 

Mr. Horner. We currently have no plans in work for a spacecraft 
on a Nova vehicle because we do not at the present time have the 
Nova vehicle defined. 

Mr. Wioove. Is there a good possibility that you might have g 
Nova, for example, ready for use and no space vehicle to use it with? 

Mr. Horner. We could not say that at this time; no, sir. It wil] 
certainly take us as long to develop the F-1 engine and the Nova 
vehicle as it will take to develop the spacecraft to go on top of it, 

Mr. McDonoveu. As far as spacecraft is concerned, you could test 
the million and a half with a satellite. 

Mr. Horner. I didn’t hear, Mr. McDonough, I am sorry. 

Mr. McDonoucu. You are speaking of a space vehicle of what 
nature / 

Mr. Witcove. Any vehicle that would be adaptable to a 114-million- 
pound-thrust, or 6 to 10 million, for that matter. 

Mr. McDonovuen. What weight ? 

Mr. Witcove. Well, it would be quite 

Mr. Sisk. You are talking about the Nova configuration which 
hasn’t gone far ahead enough—you are talking in terms of 40,000 
pounds of satellite weight, are you not 

Mr. Horner. I would emphasize also, Mr. Sisk, that it has only 
been a concept. But if you talk in terms of a total first stage thrust 
on the order of 10 million pounds, then this will permit you to put in 
a 300-mile orbit, a nominal weight of something more than a quarter 
of a million pounds. We don’t have a good idea today as to how we 
would use that size of vehicle in a 300-mile orbit, but this is a nominal 
number used for comparative purposes, and we undoubtedly would 
use a vehicle of that size for deep-space expolation where you have 
a larger total impulse requirement. 

Mr. Sisk. In looking at some graphs here not too long ago ona 
Nova configuration—I don’t know whether they came from your 
people or some that I saw in Huntsville, with Dr. Von Braun, some 
time ago—and maybe these were some real dreams, I don’t remember, 
but it seemed to me that it indicated a 40,000-pound spaceship to 
the Moon for a soft landing and return from the Moon. 

I understand many things are involved in a soft landing, such 
as the fuels that. would have to be carried to have the thrust to get 
off the Moon and to return, and for the fuel to be required for another 
soft landing on the Earth. 

That is where I got the 40,000 pounds. Maybe I was entirely 
wrong on that, but I thought that was on a Nova configuration. 

Mr. Horner. I think that has been shown on a Nova configuration. 
I think that actually was a weight that was at one time talked about 
in relation to a four-barreled Nova conceptual vehicle of 6 million 
pounds, whereas the six-barrel configuration—and I emphasize again 
these are only concepts—have been with soft-landed weights on the 
Moon of something a little more than twice that total weight. In the 
neighborhood of 90,000 to 100,000 pounds on the Moon, before return. 

Mr. Sisk. As I recall, this was a four-barreled configuration. It 
might not even have been the Nova. I was thinking it was the Nova, 
and I was just trying to recall. This was some time ago, and, as I 
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say, maybe it was quite a pipe dream, but I do recall having seen 
some type of craft which they figured could carry, of course, several 
people along with it to do the job. 

Mr Wucove. Would the Saturn have the capability of putting a 
man on the Moon and bringing him back ? 

Mr. Horner. The Saturn does not have the capability of putting 
, man on the Moon from a direct Earth ascent. There have been 
studies Which provide for landing a man on the Moon and returning 
him to the Earth, based on an operation where several Saturns are 
ysed from an Earth-based launch to rendezous in orbit about the 
arth. Some of these Saturns would carry extra fuel as payload into 
orbit. This fuel, then, would all be brought together in one lunar 
yehicle which then would be launched from the orbit to the Moon, 
make a soft landing, and return to the Earth. This is the only way 
in which Saturn can be used to produce a manned vehicle on the Moon 
and return. 

Mr. Witcove. I am inclined to think that may take longer than 
actually getting the man on the Moon. 

Mr. Horner. Different people have different judgments in this 
respect. 

Mr. Wucove. In order to get a man on the Moon we would need 
something like a Nova configuration or a breakthrough, such as a 
nuclear rocket, for example. 

Mr. Horner. I think that is an accurate statement; yes, sir. 

Mr. Witcove. So we have to look far into the future if we have 
any plans for getting a manned expedition to the Moon ? 

in. Horner. My statement has been that this is certainly not going 
to occur in our program in this decade. 

Mr. Witcove. But you wouldn’t want to predict the Russians won’t 
be there in this decade ? 

Mr. Horner. That would be extremely speculative, from my 
information. 

Mr. Wincove. With regard to the F-1, what’s the total cost of the 
? It is not $105 million, is it ? 

r. Horner. No. As I said, this was the original projected cost 
for the program to the flight rating test. Now, this also was based on 
the original contract time. As we extend contract time, these devel- 
opments inevitably become more expensive. 

Mr. Wixcove. What do you estimate now to be the total cost of the 


r. Horner. Perhaps Dr. Hyatt or Mr. Mitchell can give a better 
estimate than I can. 

Mr. Hyarr. I would prefer to provide it, sir. 

Mr. Witcove. Apparently it is substantially more. 

Mr. Hyarr. It is substantially more. 

(The information requested is as follows :) 


The total cost of the original basic contracts which extends only through pre- 
liminary flight rating tests of the engine, is being reestimated by Rocketdyne. 
The delays in the program schedule which occurred because of funding shortages 
during fiseal 1960 caused an increase of approximately $8 million in the total 
cost of the contract. The revised cost of the program through preliminary flight 
rating tests has been indicated by Rocketdyne to be very near $113 million. 
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Mr. Witcove. Now, the test facility at Edwards Air Force Bage 
when will that be ready / ‘ 

Mr. Hyarr. The stand 1-B will be ready to take this engine the 
early part of next year. 

Mr. Witcove. And that is being financed and built by the Air Foreg? 

Mr. Hyarr. That is right. 

Mr. Sisk. Could I interrupt the gentleman for just a moment? 

I had hoped to adjourn at 4 o’clock, and it is now 4:15. I didnt 
want to interrupt. 

If you have quite a few more questions, Mr. Wilcove, why don’t we 
carry over until Monday morning ? 

Are we going to have these witnesses before us Monday morning? 

Off the record. 

(Discussion off the record. ) 

Mr. Sisk. I believe Mr. Riehlman had a question. 

Mr. Rrentman. We have been talking about spacecraft, and we are 
very much interested in the Saturn program which would have a mil- 
lion and a half pound thrust. Now, we are planning for a space 
vehicle to go along with that operation, are we not ¢ 

Mr. Horner. Yes, sir. We are very early in the nlanning stages 
for the spacecraft to fit the Saturn vehicles. I would point out that 
the early shots on the Saturn development program are primarily for 
vehicle development. It is always a matter of judgment to provide 
the proper balance between the investment you are willing to make for 
a spacecraft on the development vehicle because the reliability cannot 
be expected to be very high. 

The first three shots in the Saturn program, you will recall, are 
simply a test of the first stage, and it will only go a matter of a few 
hundred miles down range. 

The next three shots are tests of only the first two pages. 

The first six shots you might say do not produce useful spacecraft 
launching capability. 

Starting with the seventh vehicle, assuming success on the first six, 
there is a possibility for putting some payload, and payloads of in- 
creasing complexities as we go through the number of vehicles and 
demonstrate a more reliable launching vehicle. 

Mr. Rrentman. Won’t that give us the basis for using a similar 
spacecraft on the F-1 engine? The same thrust ? 

Mr. Horner. Except, I believe, Mr. Wilcove was speaking in terms 
of a spacecraft to be used on what we call the Nova concept, which is 
again a factor of four to six times bigger than the Saturn and, there- 
fore, could have a still larger spacecraft than those we would design 
for Saturn. 

It is a development step in that direction. You are absolutely right, 
Mr. Rieh]man. 

Mr. Rrentman. That is what I am trying to develop. That isa 
step in that direction. 

Mr. Horner. And we feel it is a very necessary step. We just don't 
know how to anticipate all of the problems that we will have. 

Mr. Stsx. I think Mr. Wilcove had one short question. 

Mr. Wiicove. Has there been any transfer of funds from the F-1 
program to any other program ? 
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Mr. Horner. No, sir; there has not been. 

Mr. Sisk. I don’t know just what room we will meet in Monday 
morning. We will have to notify you. You will let us know as soon 
as possible, Mr. Wilcove. 

We will adjourn, then, until Monday morning at 10 o’clock, at which 
time we will resume where we left off here today. 

I thank you, gentlemen. 

(Whereupon, at 4:15 p.m., the subcommittee adjourned until Mon- 
day, Feb. 22, 1960, at 10 a.m.) 
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MONDAY, FEBRUARY 22, 1960 


Houses or REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
No. 4, 
Washington, D.C. 

The subcommittee met at 10:10 a.m., Hon. B. F. Sisk (chairman) 
presiding. 

Mr. Sisk. The subcommittee will come to order. 

Before we proceed with our consideration of this backup material, 
I want to take this opportunity to welcome a new member of our sub- 
committee and of the full committee. 

I am sure our chairman at the next meeting of the full committee 
will have some comments. Congressman Morris from New Mexico 
has just recently been appointed to the Committee on Science and 
Astronautics. We are very happy to welcome you, Tom, and I am 
sure you will make a very great contribution to this committee. 

Mr. Morris. Thank you. It is a real pleasure to be here, Mr. 
Chairman. 

Mr. Sisk. Now, when we adjourned on Thursday last, we were con- 
sidering that portion of the authorization bill dealing with liquid 
rockets. 

We had under discussion the situation with reference to the F-1 
engine, and just what had occurred to bring about apparently some 
substantial delay in the development of this engine. 

Since our discussion Thursday with Mr. “Horner and you other 
gentlemen from NASA, I have become increasingly concerned about 
what is represented here in this situation, specifically, as it has to do 
with the attitude of NASA. 

AsT indicated Thursday, I hope you understand there is no personal 
criticism implied or otherwise in this. But as a committee having 
jurisdiction, as our Committee on Science and Astronautics does have, 
and joint responsibility, I think, with NASA in our space program, 
I am real seriously concerned about the attitude that seemed to me 
was represented in the handling of these funds. 

I appreciate the fact that you made the statement last Thursday 
that the cutback in the program and the delay of up to 18 months was 
due in some part, as I understand from you, because the Appropria- 
tions Committee did not grant the full amount. Yet, since that time, 
in going over the research and development program, I see you were 
actually given about $335 million in research and development money 
last year. Of the total cut represented by the Appropriations Com- 
mittee in research and development requests there was only about 
$18 million and not the full $30 million we were talking about 


ursday. 
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Actually, in research and development I think it is only $18 million 
or $18.5 million, and yet a big bulk of that came out of this Fy 
program. 

We had under discussion the matter of priority here. I think thig 
is vitally important. 

Before we start our questioning this morning I want to read into 
the record a few comments that I feel have a definite bearing on this, 
I first want to open by a statement from Dr. Eberhardt Rechtin, of 
the Jet Propulsion Laboratory, who, after all, is an NASA official, 

In a speech he made in Los Angeles fairly recently—and this again 
is to me evidence of an attitude and an attitude that I think must be 
changed—he says: 

At the present time one of the most remarkable features of the US, 
position is the almost complete lack of urgency in the space program. The NASA 
budget is now somewhat less than what the United States pays to ship and store 
surplus wheat. Our space program is less than 2 percent of our defense budget, 
The space program costs less than $10 per year per U.S. adult or roughly one 
evening’s entertainment per year. Putting it in somewhat different words, eon. 
tinuing at the present level is largely a waste of money. 

I think that is a tremendously significant statement. 

Dr. Rechtin added : 


At the moment we are paying for the privilege of being the perfect straight man 
for the Russians. 

Now, this is a statement by an official of NASA, and a rather high 
official. He is Chief of the Telecommunications Division at the Jet 
Propulsion Laboratory. 

Whether you agree—and many people may disagree with his state- 
ment—as I go back and review your testimony Thursday, Mr. Horner, 
I see reflected in your own statements at least a similar attitude. 

I think this is the thing that is important—this whole attitude. I 
want to put this in the record and then I want you to make a comment 
on this if you will, Mr. Horner, because I think this goes to the crux 
of the whole situation. 

I mentioned here this statement that Dr. Rechtin made from the 
standpoint of the fact that what we were doing at the present time was 
largely a waste of money. Of course, if all we are going to do is sim- 
ply leisurely proceed along here and probably not spend the money, 
I am inclined to agree, Let the Russians go ahead and do the job and 
put their people on the Moon, and then maybe, ultimately, they will 
make available to us some of their knowledge or the loan of a ship 
to get up there. 

Now, I assume to some extent this was the feeling that Dr. Rechtin 
had, that unless we pushed ahead and took some leadership, then, 
actually, didn’t there arise a question as to whether the whole thing was 
a waste of effort. 

Getting back to our Thursday discussion, you advised us that be 
cause Congress appropriated $30 million less last year than was 
authorized for the NASA budget for the current fiscal year, you were 
compelled to cut back the big engine program by $6 million and asa 
result the development of this engine was delayed by 12 to 18 months. 
I believe you also pointed out that a clustering of the F-1 engine into 
a Nova configuration provides apparently the only practical method 
of sending a manned expedition to the Moon. 
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There was also raised the possibility of such capability being ob- 
tained through the development of a nuclear rocket engine which ap- 
parently is not being pushed too strongly at the moment. This, by the 
way, we are going into later at some length. 

The conclusion is therefore inescapable that the delay in the develop- 
ment of the big engine project means the postponement by a year to a 

ear and a half of our landing a manned expedition on the Moon. 

I would like to explore for a moment the reasons why you felt that 
the program for the big engine project should be reduced by $6 mil- 
lion. It is significant to my mind that although the cut in authorized 
funds was approximately $30 million, the reduction in the research 
and development fund amounted to only $1814 million. Therefore, 
the reduction of $6 million, almost one-third of the research and de- 
velopment cut, was absorbed by the big engine program. 

You testified that the Project Mercury had the top priority at 
NASA followed by Project Saturn, and then apparently by the big 
engine project, but when the funds were appropriated last year—and 
I think this is significant, Mr. Horner—Project Saturn was an Army 
program and did not figure in your program at all. Thus, it would 
appear that the very substantial cut you made in the big engine 
project was made to your second most important program. 

NASA has made no plans for a manned expedition to the Moon in 
this decade. Your target date is a vague “in the 1970’s”—and this I 
am taking from your own statement, Mr. Horner, and you cer- 
tainly will have an opportunity to correct that if I have the wrong 
impression. 

While it is true that it would take many years of planning to send an 
expedition to the Moon, it also necessarily follows that the sooner 
efforts in that direction are begun the sooner we will get there. 

No one has any serious doubts that the first man on the Moon will 
be either a Russian or an American. We are concerned certainly as to 
which one that will be. 

General Medaris, the other day, told the committee that the Russians 
have boasted that they will celebrate their 50th anniversary of the 
Communist revolution on the Moon in 1967. Medaris stated: 

My own personal feelings are very strongly in the direction that we should have 
begun some time back the necessary long-range preparation that would lead to 
our capability for a manned outpost on the Moon by 1966 or 1967. 

I don’t know that we could now make those dates, but we could still come 
awfully close to them if we went about it. 

That is the end of the quote by General Medaris. 

Recently, representatives of Vought Astronautics presented this com- 
mittee with a program they said could place a manned expedition on 
the Moon in 8 years, by 1968, if the effort were begun immediately. 

General Medaris and Vought Astronautics are not the only ones that 
think man can reach the Moon during this decade rather than in the 
1970's. 

Dr. Herbert York, Director of Defense Research and Engineering, 
told the Select Committee on Astronautics and Space Exploration in 
1958 that a manned expedition to the Moon was possible by 1968—and 
here is the significant thing that he said—even by 1965, “if a very high 
priority were placed on this goal.” 


York’s prediction bore the endorsement of Roy Johnson, then head 
of ARPA. 


l 
) 
| 
| 
| 


310 1961 NASA AUTHORIZATION 


Asa member of the select committee back in 1958, I am well aware of 
not only Dr. York’s statement but, of course, the statement of many 
others before the select committee at that time. 

There were others who felt the same way. Among them was Maj. 
Gen. Bernard A. Schriever, commander of the Air Force’s Air Re. 
— and Development Command, who told the select committee 
that— 
it should be possible by 1968 to return to the Earth from the Moon a payloag 
capable of carrying a crew of one or two men. 

Brig. Gen. H. A. Boushey, Director of Advanced Technology for the 
Air Force, was another who thought that a manned vehicle would or 
could return from the Moon by 1968. Boushey went further. He 
predicted that construction of a manned lunar base would begin jp 
1969. 

Others who thought a manned expedition to the Moon was possible 
during the present decade included: Dr. Wernher von Braun; James 
H. Doolittle; Dr. Walter R. Dornberger of the Bell Aircraft Corp.; 
Donald W. Douglas, chairman of the board of Douglas Aircraft Co.: 
Dr. Louis G. Dunn, president of Space Technology Laboratories; 
Krafft A. Ehricke of Convair; Alexander Kartveli of Republic Avia- 
tion Corp.; James A. Reid of Astrodyne; George H. Stoner of Boeing 
Airplane Co., and George S. Trimble of the Martin Co. So you see 
that there are many men, experienced in this field, who feel that we 
can and should get to the Moon this decade rather than wait for 
the next. 

It disturbs me, therefore, that your agency has no plans for at- 
tempting an expedition to the Moon until the 1970’s. You told this 
subcommittee last Thursday that : 


We currently have no plans in the works for a spacecraft on a Nova vehicle 
because we do not at the present time have the Nova vehicle defined. 


Then you went on to say: 


It would certainly take us as long to develop the F—1 engine and the Nova 
vehicle as it would take to develop the spacecraft to go on top of it. 

Now, I have tried to set out why I feel it is so important for this 
country to make as early a start as possible on a determined effort to 
reach the Moon. I find it difficult to believe that your agency con- 
sidered this goal as very important if you are willing to trade $6 
million for 12 to 18 months. 

Let me ask you this. When you look at the $18.5 million in research 
and development funds which Congress failed to give you, keeping 
in mind that Congress did vote $335 million in research and develop- 
ment funds for your agency last year and keeping in mind that the big 
engine project was your second most important project, was there any 
other project which suffered as large a cut in funds as the program 
for the big engine? 

Now, I realize that that is a rather lengthy statement, Mr. Horner. 
It may sound somewhat critical. Frankly, it is critical, not of you, 
nor of those who are with you, but it is critical—and I intend it to be 
so—of the people who are apparently responsible for this whole at- 
titude of complacency in this field. 

IT expect it be so taken. 
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Now, will you make a comment on the overall attitude of your 
agency with reference to the F-1 engine, how important you think it 
js, and what you propose to do about developing a priority for it in 
the immediate future 

Mr. Horner. Your statement is very comprehensive, Mr. Sisk, 
and it touches on a tremendous variety of points which I find difficult 
to address myself to individually without some study of the points 
individually, but I will try to be responsive to what I think is the 

neral sense of the question. 

Mr. Sisk. Fine. You go ahead. I think there isn’t anything in 
the portion of the budget which we are discussing which is more im- 

rtant than where we are going in our efforts to really get ahead 
in this field. It seems to me as though they are all tied up in this 
bundle with this F-1 engine or in a nuclear engine which we will dis- 
cuss a little later. 


STATEMENT OF RICHARD E. HORNER, ASSOCIATE 
ADMINISTRATOR, NASA 


Mr. Horner. I would like to address myself first to the question of 
whether or not there does exist in NASA a sense of urgency with 
regard to the space yt gee as a whole, and ultimately manned flight 
to the Moon as one of the major objectives. 

I can categorically say at the beginning that there is a very real and 
strong understanding of the importance of the space program as a 
whole, of having an objective to which our space program is 
addressed. 

The sense of urgency among our field personnel and among our 
headquarters personnel certainly shows very strong in their motiva- 
tions, and we feel that we are setting forth our very best efforts 
in formulating the program with the resources that are made avail- 
able to us and in, if I may use the term, “selling” the importance of 
this program to all of our associates in Government and to the Amer- 
ican public. We do feel that it is important. 

Now, to be more specific, as regards the quotations from some of 
the very eminent scientists and administrators whom you have men- 
tioned, I don’t really feel that it is useful for me to debate when a 
specific task can be done, because there are perhaps too many uncer- 
tainties, but the biggest uncertainty of all relates not to when some- 
thing can be done in the space program, but when it will be done. 

We, in the final analysis, must plan our program on our judgment 
of when certain things will be done because these overall long-range 
objectives are dependent upon a whole systematic chain of events 
and it would be most wasteful and we would certainly be subject 
to very well-placed criticism if we spent our money in a way in 
which we emphasize an objective which we could not attain without 
earlier events taking place successfully. We should not spend our 
money on attaining capabilities which could not be used without 
the advancement of the whole breadth of science and technology that 
is required for the attainment of the ultimate objective. 

I think you will find that in most of our testimony we have ex- 
pressed our opinion, our judgment in our long-range plan for ex- 
ample, as to when these things will or can be accomplished in terms 
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of the overall controls on the system, and certainly one of the mogt 
important of these is the resources that are made available to us, 

ow, let me address myself specifically to the F-1 engine, to the 
effects on it of the reduction in the appropriation furnished by the 
Congress last year. 

It is certainly true that the F-1 engine is high on our priority ligt, 

I don’t think I made the statement that it was second. I think 
it was certainly near the top of those things that we considered after 
Saturn and the Project Mercury, and of course, I recognize that 
Project Saturn was not, last year, a part of our program. 

It is extremely important in our program. 

It is also equally true that it is one of the longest range items jp 
our program. Its actual utilization is one of the things that is fur. 
thest in the future. 

I would like also to acknowledge the fact that of the $30 million 
reduction, only $18 million was from the research and development 
fund. What it amounts to is the $30 million reduction was a reduc- 
tion from $530 million, the $18 million reduction was a reduction 
from $338 million. These are round numbers. 

In deciding, in making our judgment as to where these reductions 
are to be taken, we have many different factors to consider. One of 
the more important, I think, is the one I mentioned last Friday of 
where we can take reductions and do least damage to the ongoing 
program. 

In a research and development program that is largely involved 
in hardware, there are very real constraints on what one can do sensibly 
about contract terminations, about project cancellations, without being 
very wasteful of public funds. 

We, in the process of reforming the program, went through an 
operation which I can run through briefly for the subcommittee here 
this morning if it is useful. 

We have in the backup book on page 109—TI will just call it to your 
attention—a listing of all of the research and development program. 

In accepting any reduction in the dollars on which that program is 
planned, we must go through this account item by item and ask our- 
selves, “Well, now, where is the best place to get money doing the 
least damage, recognizing the needs of the individual projects,” and 
we also recognize that different people would have different judg- 
ments as to where these dollars can best be obtained. 

I would point out some of these items in which we really have very 
little flexibility. 

The first item of support of the NASA plant, for example, is a very 
considerable item—$22 million—about 8 percent of the total—is 
directly related to expenditures of the Government employees we have 
on the rolls. 

As you know, we have limited flexibility in hiring and firing of such 
employees. If we were going to make material savings in that ac- 
count, it would mean a marked reduction in our scientific manpower. 
This would not only have the difficulties of doing away with the em- 
ployment of Government scientists, but it would also decimate our 
capability of managing the program and doing research and develop- 
ment in future years. 
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In the next account item of research grants and contracts, we did 
make a substantial reduction in that account. We had originally as- 
grted a requirement of a research grant and contract program of $10 
million. This account finally ended up with just about half that value, 
as you can see. 

This largely represented research grants and contracts that had al- 
ready been made to American universities and nonprofit institutions. 

We value very highly our relationship with the scientific community 
of the United States. My personal feeling is that the amount that 
you see there of $4,950,000 is less than the minimum requirement to 
get the proper benefit out of the American scientific community to 
the national space program. 

In the next account, the scientific investigations in space, this is 
almost the reason we are in business. It is extremely important to 
the ongoing space program that we understand the space environment 
in which we work. 

It would be foolhardy, to say the least, to take as our objective 
manned space flight to the moon without having a real understanding 
of the environment through which men must fly in order to get to the 
moon. 

The investments we have there for sounding rockets, scientific satel- 
lites, and lunar and planetary exploration are really investments in 
this understanding. They are directly applicable to the objective 
which we were and are discussing. 

We do not feel that we can reduce that at this time below that level, 
or the rate of scientific findings will fall so low that we will not be 
ready—we would not be ready to use the F—1 engine for manned lunar 
flight should it finally occur—excuse me—when it finally occurs. 

Mr. Sisk. Let me ask you this right there. Is there some doubt in 
your mind about this program, Mr. Horner? 

Mr. Horner. Mr. Sisk 

Mr. Sisk. I am thinking now of the F—1 engine. 

Mr. Horner. This leads to a statement which you made earlier, 
which I wanted to correct if I may. 

I think you stated, you quoted my testimony of last Friday as saying 
the F-1 engine was the only practical means for manned flight to the 
moon. I don’t believe you will find that is an accurate quotation. 

Mr. Stsk. I am just looking for it. As I said to you, if I misquoted 
you in any way, I want you to correct that because that certainly was 
the impression that I drew in answer to some questions, Mr. Horner. 

Mr. Horner. I don’t have my testimony here, Mr. Sisk, but let me 
recall what I think I said, what I am certain was my intention. 

Mr. Sisk. You go ahead. 

Mr. Horner. I said the F-1 engine clustered to provide a multimil- 
lion-pound thrust first-stage capability, which was the only way we 
could foresee at this time for launching a manned expedition to the 
moon directly from the ground with chemical engines. 

Mr. Sisk. Yes. That is right. In other words, the Nova configu- 
ration, right ? 

Mr. Horner. Yes, sir. I would point out two qualifications in that 
statement, and I probably should have put a third one in it. If I had 
said, directly from the ground, which is one constraint, with liquid 
chemical engines, I would have been better satisfied with my statement, 
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-_ I would like to modify the record to have it reflect. that smal] 
change. 

Now, there are other possibilities. One, of course, is the nuclear 
engine which we are going to discuss later with the subcommitt 
which does offer possibilities—and which is very strongly endorsed by 
some of our people. Another possibility involves the launching of 
Saturn-size vehicles, arranging them so that they will carry fuel jn 
their payloads, rendezvous in orbit for inflight refueling, and pro. 
ceed to the moon from that position. That may sound to have many 
development problems in it; I am sure it does. 

There are very capable scientists however who feel that the develop. 
ment problems in such a scheme are less demanding than the develop- 
ment problems in the Nova first stage. 

A third possibility then is the development of the large-grain, solid- 
oar: sean first-stage booster which we discussed and explained last 

riday, which we in NASA have a very real long-term interest in 
albeit the early large grain work that is going on is being carried out 
in the Department of Defense. 

I just wanted to insert that, Mr. Sisk, because I am not questioning 
whether or not manned flight to the moon will occur; I think we al] 
must have some doubt in our minds specifically as to whether it will 
occur with the Nova vehicle at this point of the game. 

Mr. Sisk. I appreciate your clarification on that. As I said, if I 
misunderstood any of your testimony Thursday, you may correct it. 
Of course, the thing that disturbed me and it still disturbs me, is that 
apparently NASA has conceded—and maybe I am wrong—but the 
statements that you made Thursday, and other statements that I 
have understood were made, that NASA has completely conceded that 
a manned expedition to the moon is somewhere in the seventies, 

This is the thing that, of course, my whole statement was directed 
at. This idea of a manned expedition to the moon becomes, then, in 
a sense—I will not put it that way. I feel that a little bit, but-—— 

Mr. Horner. May I say, Mr. Sisk, that we have certainly acceded 
to that position in terms of the amount of resources that we have to 
work with in 1959, in 1960, and those which we are requesting for 1961. 

Now, I would also say that that is biased by our recognition of the 
difficulties of the task and I don’t think anybody, even among the 
very able scientists that you have mentioned, really recognizes the 
research and development effort which must be invested prior to such 
an accomplishment. 

We are spending many hours every week addressing ourselves ex- 
actly to that problem. I am not saying that if we had virtually 
unlimited resources available to us that it wouldn’t be possible to 
have a manned flight to the moon in the latter part of this decade. 

I am saying that with the program we have planned, based on the 
first 2 years of foundation, that we have laid down, we will not realize 
manned flight to the moon in this decade. 

Mr. Stsx. Well, I-—— 

Mr. Horner. I certainly would not want to mislead the Congress- 
man to the effect that we think it will occur in the next 10 years. 

Mr. Sisk. I appreciate the sincerity and the honesty, your sincerity, 
Mr. Horner. This, of course, is of real concern to us. 
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We heard the military, man after man, sit here toward the end 
of our hearings and state that there is a definite need in defense today 
for a million-pound-thrust engine. This was said by General Lem- 
nitzer. It was repeated by General Trudeau. It was stated by the 
Secretary of the Army. It was verified by General Medaris, and yet 
we apparently are talking here about delay in something that to me 
jsas vital as this. 

Mr. Rieutman. Will the gentleman yield ? 

Mr. Sisk. In other words, I will yield the floor. 

Mr. Rreutman. I think the record should be pretty clear that there 
js just as firm an opinion on the opposite side that a million-thrust 
and a million-and-a-half-thrust engine is not necessary for the mili- 
tary posture at the present time. We have had those very same 
statements. 

This is very true as far as the Army is concerned. Medaris and 
Lemnitzer and all the rest of the people who were up here, I will agree 
said in emphatic terms it was necessary for our defense posture, but 
by equally as good testimony we have had the same story on the other 
side from the Air Force and from the Navy that that is not their 
opinion. 

So we have a difference of opinion. 

Now, to get back to the F-1 engine, let me ask you this, Mr. Horner. 
Is it not true that—and I think you emphasized it this morning— 
there is a tremendous amount of other work other than the construc- 
tion of this engine that depends upon our getting to the moon ? 

Mr. Horner. Yes, sir, that is certainly true. 

Mr. Rieutman. Let me ask you this. Do you feel if we pushed 
this engine at a faster rate through NASA, the construction of the 
F-1 engine, we are going to have the other capabilities to put the 
man on the moon, Mr. Horner? 

Mr. Horner. Not within the context of our present program we 
will not, no, sir. 

Mr. Rieu_Man. Just what has got to be done within the context 
of that program to accomplish that? Can you give us any idea at 
all ? 

Mr. Horner. Prior to a manned flight to the moon, the list of 
things to be done is almost overwhelming. I would have no confi- 
dence whatsoever I could even begin to call them all to mind with- 
out assistance and reference this morning. 

But largely they are represented by the listing of things that we 
have right here in this research and development program. 

It becomes only a question of rate and scale in each one of these 
areas as regards when something will happen in terms of a long- 
range objective such as manned flight to the moon. 

Each one of these things can be done faster, and they certainly will 
spend more money in the process. 

I would also point out that there is a level of effort in each one of 
these areas which, if exceeded, the rate of return in new technology 
and new scientific findings is diminished—I say the rate of return is 
diminished, This is the return per dollar, 

Now, it would be a little bit egotistical, I think, for us to say that 
we have discerned just exactly that level ‘n our program, because I 
don’t think we are quite that smart. 
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We think we are close to the level of program effort in which 
we are pushing most of these areas about as rapidly as we can develop 
the technology—the foundation for it. 

There are some of these areas in which I would feel more com. 
fortable if we were doing a little more in terms of providing insur. 
ance to ourselves. 

Areas of development which are risky, which we don’t see the 
answers to, right at the moment, I would feel a little more comfortable 
if we were seeking alternate ways toward solutions. 

I cannot assert that any one of these areas is of overwhelming 
importance to our long-range goals. 

Now, I think one of the long-term problems we have in the organ- 
ization and the management of the space prograin impinges on this 
very issue, the international situation has been such that public atten. 
tion has focused largely on our weight-lifting capability. 

It is at some point necessary to emphasize the fact that our weight- 
lifting capability is only one of the many very difficult areas of 
research and development which must be mastered to reach our long- 
term objectives. 

At some point it is going to be, in the minds of many people—I 
would predict, it will be a minor factor, because it will be the factor 
which we have in hand. It is currently the area in which we are 
working very strongly. 

I made repeatedly, during these hearings, the point that we are 
spending almost half of our money—half of our research and develop- 
ment money—on this very element of improving our weight-lifting 
capability. But we must—we would be irresponsible if we did not— 
pay attention to all of the other areas that must be brought along, too, 
in order to have a balanced program and a program which will pro- 
duce a product that is commensurate with the expenditures we are 
making. 

Now, there is one area in our program, which one could say is not 
addressed to this particular objective. In going down the list of 
items which we were exploring, trying to find a better place to reduce 
money instead of the F—1 engine, I had just come to the one of satellite 
applications. 

I would only call to the committee’s attention that in fiscal year 
1960 our total investment was barely $11 million in satellite 
applications. 

This is the one area that offers perhaps the most immediate promise 
for direct results, for a direct benefit to mankind, and specifically to 
the people who are putting up the money, the American taxpayer. 

e have reduced that program, we think, in the face of the redue- 
tion in the appropriation last year, to a bare minimum, and this is 
certainly one of the areas in which I personally, as I said, would feel 
more comfortable if we had more resources. 

That program also was reduced in the process of absorbing the $18 
million deficit in—decrease in our research and development. 

The next item we have is manned space flight, and as we mentioned 
earlier, it is our highest priority item, but it, in itself, is certainly 
very easily recognizable as absolutely essential before we talk about 
manned flight to the moon. Its objective is to demonstrate the feasi- 
bility and the usability of having manned space flight at all. 
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From there on the vehicle-systems technology, space-propulsion 
technology, and vehicle development are all a process of improving 
our load-lifting capability, the ultimate step of which in our present 
program is the F—1 engine. 

We don’t think that we can take out of the program any more of 
the intermediate steps that we have planned than we have already 

en out. 
We have taken out the Vega, for example. I think it cost the 

ality of our program somewhat to eliminate the Vega program. We 
will certainly make every effort to gain back the technology we would 
jarn from the application of the Vega program in other programs, 
and I think we will. 

I don’t think there will be long-term damage to our program, but 
it did amount to one of the steps that was taken out. 

Now, I would just like to make two other points. One is that T am 
alittle bit troubled by my use of the 18-month figure last Friday, or 
the 12-month figure in identifying the slowdown in the F-1 engine as 
aresult of the reduction. 

The facts are that the degree to which the engine program will 
actually be slowed down is very much dependent upon whether we 
actually gain the $41 million that we are asking for in this program 
on the F-1 engine, and, of course, we cannot make program plans— 
excuse me, we cannot make program contract on this $41 million until 
we have it in hand, a fact of which I am sure you are all aware —— 

Mr. Sisk. Wait a minute right there. Would the gentleman from 
New York yield? 

Mr. Sure. 

Mr. Sisk. I want to ask you about that particular thing. 

I agree that under an act, a congressional act, that you ave to pro- 
rate your program, I believe, by quarters. In other words, you have 
toapportion it so that it will last through the entire fiscal year. 

Yet, on the other hand, in your Mercury program, isn’t it true you 
actually committed and moved ahead at a good deal more rapid rate 
than what you would have had money to have done the job unless 
you had gotten through a supplemental ? 

You were very dependent on a supplemental to carry through that 
program at the rate you had it scheduled. Isn’t that true? 

Mr. Horner. In Project Mercury, and again I would point out this 
isour top priority program. 

Mr. Sisk. That is right. 

Mr. Horner. In Project Mercury, we did use the authority pro- 
vided to us in the Space Act of 1958 in converting research and 
development funds to funds in other-accounts because they were 
needed on a time-scale earlier than had been originally planned, and 
we also faced the problem of very real difficulty in the Project Mer- 
cury program if we should not get the supplemental funds. 

Mr. Sisx. The point I was making, Mr. Horner, is this. That is 
what I wish you would have done on the F-1 engine and that is 
what I think you could have done. That is, of course, where basically 
by criticism lies, in that you did not do that. Certainly, in checking 
the hearing record, I at no time think there was any implication given 
to the Appropriation Committee that because of their act there was 
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going to be any slowdown in this engine. So you fellows either 
neglected to make your story clear here, or still that attitude prevaileq 
of a lack of importance in pushing it forward. 

That still, of course, goes back to the whole heart of my criticign 
here on this. I don’t wish to carry this on too far. However, I am 
really sincerely concerned about it. 

Mr. Horner. Mr. Sisk, I think I need to make one further commen, 
to complete the record. 

In the process of the final discussions of our Agency with the Con. 
gress last year, after the appropriation for the National Aeronautics 
and Space Administration had been reported from committee, we did 
send a letter to various Members of the Congress. I would have to 
check this to be certain, but I think to the chairman of this committee 
I am certain to the Appropriations Committee, advising that this 
would almost certainly result in the slowdown of the F-1 engine, 
because we foresaw no other possible way of accommodating the 
decrease. 

So it is not—I don’t know where your understanding emanated 
from as regards the fact that this would not hurt the F-1 engine, be- 
cause we were certain from the beginning that any reduction in ap, 
propriation would almost certainly impinge on this particlar engine, 

Mr. Mr. Chairman. 

Mr. Sisk. Go ahead. 

Mr. Rreniman. I would like to have a copy of that letter sent tothe 
chairman of our committee and the Appropriations Committee in 
respect to the F—1 engine. 

Mr. Horner. Mr. Gleason tells me it was to the Appropriations 
Committee, it wasn’t to the chairman, I am sorry. 

Mr. Rrentman. I would like to have a copy of it for the record. 

Mr. Sisk. I think that would be fine. I would like to have a copy 
also. 

(NASA subsequently informed the committee that Dr. Glennan 
wrote Hon. Carl Hayden, chairman of the Senate Appropriations 
Committee, and subsequently made a statement to the Senate Appro- 
priations Committee. No statement or letters were addressed to any 
House committee. ) 

(Dr. Glennan’s letter and statement follow :) 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, 
Washington, D.C., July 9, 1959. 
Hon. Cart HAYDEN, 
Chairman, Senate Appropriations Committee, 
U.S. Senate, Washington, D.C. 


Dear Mr. CHAIRMAN: Reference is made herein to H.R. 7978, the supplemental 
appropriations bill passed by the House of Representatives on June 29, 1959, 
This bill includes a fiscal year 1959 supplemental request and the regular fiscal 
year 1960 request for funds for the National Aeronautics and Space Administra- 
tion. Due to several technical points of order being sustained during the debate 
in the House, the Appropriations Committee’s reduction of NASA’s funding 
request were increased from $45,500,000 to $68,225,000. Any reduction in the 
NASA’s tight budget will have a critical effect on the Nation’s space program. 
The Senate Appropriations Committee is being requested to fully restore the 
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fonds cut by the House. The areas in which the reductions have been made and 
the effects that such reductions will have if enacted are explained as follows: 


—— 
r Amount Appropria- House Final percent 
Year requested tion Com- action reduction 
mittee action 

959 supplemental..-.-------------------------- $45,000,000 | $41,400,000 | $18, 675,000 59 
485, 300,000 | 443, 400,000 | 443, 400, 000 9 

530,300,000 | 484,800,000 | 462,075, 000 13 
Net cut. —45, 500,000 | —68, 225, 000 

1. RESEARCH AND DEVELOPMENT 

pear 1000 reduced... 33, 070, 000 


The NASA in discharging its duty to develop and manage a national space 
exploration program for the United States formulated an orderly and progres- 
sive program during fiscal year 1959. This program not only sought to produce 
immediate and obvious results, but was designed to produce a sound, continuing 
foundation for anticipated accomplishments in the future. 

A reduction in “Research and development” funds which are the fundamental 
ingredients of this Nation’s space effort, at the very beginning of this complex 
program can only result in crippling our efforts to establish U.S. leadership in 


ce. 
vin requesting its appropriations, the NASA sought adequate “Research and 
development” funds to carry out the programs formulated in fiscal year 1959 
and to take the first steps toward future programs. Of the $354 million re- 
quested for supplemental fiscal year 1959, and fiscal year 1960 funds, $222 million 
is required to continue contractual oblgiations started in 1959. An additional 
$88 million is needed to purchase payloads and to pay flight operation costs 
and other expenses required to use efficiently the items already being procured 
through existing contracts. Thus, out of $354 million, $310 million of the 
“Research and development” sums requested are the fixed costs required to carry 
out the space program presented in detail to the Congress. The remaining $44 
million is required to initiate advanced development of vehicle and payload 
components needed to improve the technical competence of the United States 
for flight programs to the moon and other planets. r el 

The proposed cut in Lt. & D. funding of $35,145,000 would, if absorbed in areas 
not definitely related to the presently contemplated flight program, reduce the 
funds available for development of these advanced systems to $8,305,500. Sueh 
a reduction in advanced development funding would result in a completely un- 
balanced NASA program. In order to achieve a new balance in the face of the 
proposed cut, it will, therefore, be necessary for the NASA to delete scheduled 
space flights or to slow down the procurement of equipment for these flights 
and hence to delay important elements of the flight program. ‘Such reduction 
would seriously retard flight programs having great international repercussions 
as well as great practical benefits to the United States. Project Mercury, the 
Nation’s first manned space flight project, for example, is the sole item rep- 
resented in the $20,750,000 R. & D, funds requested in the supplemental fiscal 
year 1959 bill. The Appropriations Committee reduced this vital sum 10 percent. 
A reduction in the Project Mercury funding level below the requested sums 
can only be satisfied by slowing down the Mercury program, thereby jeopard- 
izing the U.S. possibility of being the first nation to place man in orbital space 
flight. By the same token, cuts may have to be made in the meteorological and 
communication satellite programs. Such reductions can only be accomplished 
by deferring certain of the developmental flights proposed in the budget trans- 
mitted to the Congress. 
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2. CONSTRUCTION AND EQUIPMENT 


1959 supplemental reduced $1, 525, 009 
Fiscal year 1960 reduced 5, 800, 009 
The NASA cannot make savings in the “Construction and equipment” Dro 


gram of approximately 10 percent as proposed by the House without redue 
the technical capability of the NASA to explore space and to continue Ug 
leadership in aeronautics. ~— 

The construction program submitted to Congress has two parts: first, thoge 
items essential to the discharge of the new responsibilities of NASA in conduct. 
ing the civilian space program and, secondly, those items required for the cop. 
duct of advanced research in the aeronautical and space fields. If the redye. 
tions proposed are actually made, then either the new responsibilities, or basie 
research, or both must suffer. This will jeopardize the Nation's pusition jp 
aeronautical and space activities. 

The launching, tracking, and research facilities requested do not now exist, 
and a reduction in these funds now will imprudently curtail our national Space 
and aeronautical capabilities in the immediate future. 


3. SALARIES AND EXPENSES, REDUCED $3,030,000 


The projected increase in the NASA employment level proposed in the Presi. 
dent's budget for the fiscal year 1960 was limited to that required to handle 
the new duties and responsibilities imposed on the NASA by the expanding 
civilian space program. By the same token the increased requirements for 
supporting services, particularly in the travel and communications areas, are 
directly attributable to a significant expansion in worldwide tracking and 
observation activities required in carrying out 1960 program. These increased 
1960 needs in the space flight development area cannot be met by reductions in 
the area of basic research without jeopardy to our country’s long-range position 
in the aeronautical and space fields. Yet the House action in effecting a 15- 
percent cut in the number of new positions requested and a substantial cut in 
the total support costs for the entire agency, if allowed to stand, would result 
in just such a situation. 

The House action is not consistent with the NASA's increasing responsibilities 
for the success of the Nation’s space flight development program. 

Responsible officials of the NASA will be available for your committee's hear- 
ing on H.R. 7978 to provide information on our program and justification for 
our request for funds. There is attached hereto the recommended changes 
in H.R. 7978. 

Sincerely yours, 

T. Kerra GLENNAN, Administrator. 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION—RECOMMENDED CHANGES 
To THE NASA Items tn H.R. 7978 as PAssep ny THE House June 29, 1959 


SALARIES AND EXPENSES 


Recommended change No. 1 
Page 3, line 14, strike out “$2,885,000” and insert in lieu thereof “$3,181,000”. 


Summary 

The House arbitrarily cut approximately 10 percent from the NASA request 
for travel funds. The basis for this action was not reported. 

The recommended change proposes full restoration to the amount requested 
in the President’s budget. NASA's responsibilities are increasing significantly 
within the United States and in connection with worldwide tracking stations. 
Adequate travel funds are vital to carry out these responsibilities. 


Recommended change No. 2 
Page 3, line 17, strike out “$91,400,000” and insert in lieu thereof “$94,430,000”. 


Summary 

The House arbitrarily denied salaries for 150 of the requested 1,027 new 
employees and cut by 10 percent the supporting expenses urgently required 
under the “Salaries and expenses” appropriation. The basis fur these cuts was 
not reported. 
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The recommended change proposes full restoration to the amount approved 
in the President’s budget. The additional employees are required to staff the 
dard Space Flight Center, the Wallops Island Station, and NASA headquar-: 
ters where the impact of new duties and responsibilities is most urgently felt. 
The supporting expenses contribute primarily to the increased communication 
needs brought on by rapidly expanding international programs and tracking 


networks. 
RESEARCH AND DEVELOPMENT 


Recommended change No. 3 

Page 3, between lines 18 and 19, insert the following provisions: “For an addi- 
tional amount for ‘Research and Development’, as authorized by Public Law 
96-12, $20,750,000, to remain available until expended.” 


Summary 

The House deleted the entire item from the bill on a point of order. The item 
is for Project Mercury. 

The recommended change proposes full restoration of the item as proposed in 
the President’s budget with one modification, namely, the phrase “as authorized 
by Public Law 86-12” is added in place of the phrase “fiscal year 1959” for the 
purpose of technical clarification. Project Mercury, the Nation’s manned space 
fight program, is the sole purpose for this item. A reduction of the funding 
level below that requested would adversely affect the program. This in turn 
would adversely affect the U.S. effort to achieve the first manned orbital space 
flight. 

Recommended change No. 4 


Page 3, line 21, after the word “equipment” insert “, and for other items of 
acapital nature as authorized by law,”. 


Summary 
The House Committee on Appropriations eliminated the language without 
Janation. 
The recommended change proposes restoration in identical form proposed in 
the President’s appropriations request. The language is intended to clarify the 
effect of the provision in the fiscal year 1960 authorization act which allows the 
use of research and development appropriations for certain items of a capital 
nature which may be required for the performance of research and development 
contracts. 


Recommended change No. 5 
Page 8, line 24, after the word “Administration”, insert “, including not to 


exceed $9,000 for representation allowance overseas and official entertainment 
expenses, to be expended upon the approval or authority of the Administrator ;”. 


Summary 

The House deleted the entire provision on a point of order. 

The recommended change proposes restoration of the original language as 
proposed in the President’s appropriations request. Over $7,000 of the $9,000 
requested is required for representation allowances overseas in support of the 
NASA worldwide tracking network and data acquisition operations. An appro- 
priation for official entertainment must be made expressly. 


Recommended change No. 6 
Page 3, line 25, strike out “thirty-two” and insert in lieu thereof “sixty five.” 
Summary 


The House Committee on Appropriations arbitrarily cut the required number 
— passenger-carrying vehicles by 50 percent. No basis for the cut was 

ven, 

The recommended change proposes full restoration of the original request. 
Of 65 required vehicles, 38 are to replace wornout or overage vehicles. The 
majority of. the 27 new vehicles are needed for tracking station and data 
acquisition operations. 


Recommended change No. 7 
_ Page 4, line 1, strike out “nineteen” and insert in lieu thereof “thirty-eight”. 
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Summary 


The House Committee on Appropriations arbitrarily cut the required number 
of replacement passenger-carrying vehicles by 50 percent. No basis for this 
cut was reported. 

The recommended change proposes full restoration of the original request, 
All of the vehicles meet the prescribed GSA replacement standards. 


Recommended change No. 8 


Page 4, line 2, strike out “$318,675,000" and insert in lieu thereof 
“$333,070,000”. 


Summary 


The House Committee on Appropriations arbitrarily cut the total “Research 
and development” appropriation by 10 percent to $300 million. No basis for 
this cut was reported. The House restored $18,675,000 during the floor debate 
to partially compensate for the fiscal year 1959 supplemental item which was 
deleted on a point of order. 

The recommended change proposes to restore the full amount approved in 
the President’s budget. A reduction in research and development funds—which 
are the fundamental ingredients of this Nation’s space effort—at the vary 
beginning of this complex program can only result in crippling our efforts to 
establish U.S. leadership in space. 

Of the funds requested over two-thirds are already committed to continuing 
contractual obligations undertaken in fiscal year 1959. The major portion of 
the remaining third is needed to purchase payloads and meet other expenses 
incident to the efficient use of items already procured under existing contracts, 
Thus only a small, but highly significant, portion of the request has been ear. 
marked for initiating new advanced research. A reduction of the total “Re 
search and development” funds below the amount requested may lead to a 
serious imbalance of NASA’s research program. Because a large proportion of 
the request represents fixed costs, which cannot be reduced without termina- 
tions or cutbacks, a reduction may seriously affect the amount of new research 
that can be undertaken. New research is the lifeblood of the U.S. continuing 
race for world leadership in space activities. Any reduction in the activity 
will reduce in geometrical progression the technical competence of the United 
States to undertake interplanetary flight programs. 


Recommended change No. 9 
Page 4, line 2 through line 8, strike out the proviso: and page 4, line 9, 
strike out the word “further”. 


Summary 

The House inserted the language during the floor debate in substitution for 
other language proposed by the House Committee on Appropriations. The 
Appropriations Committee’s language requiring specific prior approval of the 
legislative committees for items of a capital nature over $250,000 was deleted on 
a point of order. 

The recommended change proposes to omit the House language, thereby 
restoring that of the President’s appropriations request. The present language 
prevents any obligation of funds for the stated purposes for 14 days after the 
congressional legislative committees have been notified. The NASA feels that 
the notice provision contained in Public Law 86—45 is sufficient. 


CONSTRUCTION AND EQUIPMENT 


Recommended change No. 10 

Page 4, between lines 12 and 13, insert the following provision: “For an addi- 
tional amount for ‘Construction and equipment’, as authorized by Public Law 
86-12, $24,250,000 to remain available until expended.” 


Summary 


The House deleted the entire item on a point of order. The item covers 
additional facilities for the Jet Propulsion Laboratory, and additional tracking 
and propulsion development facilities. 

The recommended change proposes the full restoration of the amount ap- 
proved in the President’s budget. The construction program submitted to 
Congress has two parts: first, those items essential to the discharge of the 


= 


BEBSE 


Su 

in 
me 
tha 
an} 
sio 
pro 
Sr 
A 
J 
apy 
wh 
tion 
tha 
con 
7 
Ru: 
A 
Act 
ma 
Un 
I 
Cor 
tha 
pro 


1961 NASA AUTHORIZATION 323 


new responsibilities of NASA in conducting the civilian space program and, 
d, those items required in the aeronautical and space research. If the 
mmended change is not made then either the new responsibilities, or aero- 
nautical and space research, or both, must suffer. This will jeopardize the 
Nation’s position in aeronautical and space activities. 


recommended change No. 11 
page 4, line 15, strike out “at Cleveland, Ohio”. 


Summary 

The House Appropriations Committee inserted the language. No basis for 
the insertion was given. 

The recommended change proposes to omit the language, thereby restoring 
the language to that of the President’s appropriations request. Although the 
only land acquisition anticipated in fiscal year 1960 is at Cleveland, Ohio, the 
new language would prevent acquisition at other locations if required pursuant 
to any reprograming under the authority of the fiscal year 1960 authorization 


act. 
Recommended change No. 12 
Page 4, line 16, strike out $52,000,000” and insert in lieu thereof “$57,800,000.” 


Summary 

The House Appropriations Committee arbitrarily cut the item by 10 percent. 
The basis for this action is stated as follows: “It is believed the NASA can 
make savings in the total program to the extent of the reduction.” 

The recommend change proposes full restoration of the amount approved in 
the President’s budget. In addition to everything that was said in favor of the 
recommended change No. 10 the following must be added. The launching, track- 
ing, and research facilities requested do not now exist, and a reduction in these 
funds will, therefore, imprudently curtail our national space and aeronautical 
capabilities in the immediate future. 


Recommended change No. 13 
Page 4, line 17 through line 23, strike out the proviso. 


Summary 

The House inserted a notice provision essentially similar to the one inserted 
in connection with the ‘‘Research and development” appropriation in recom- 
mended change No. 9. 

The recommended change proposes to omit the language, thereby restoring 
that of the President’s appropriations request. The present language prevents 
any obligation of funds for the stated purposes for 14 days after the congres- 
sional legislative committees have been notified. NASA feels that the notice 
provision contained in Public Law 86~45 is sufficient. 


§raTEMENT BY Dr. T. GLENNAN, ADMINISTRATOR, NATIONAL AERONAUTICS 
AND SPACE ADMINISTRATION BEFORE THE SENATE APPROPRIATIONS COMMITTEE, 
JuLy 13, 1959 


Mr. Chairman and members of the committee, I welcome the opportunity to 
appear before this committee, for the first time. I am here to discuss H.R. 7978, 
which is now before you. In particular, I want to discuss the crippling reduc- 
tions in the budget requests of the National Aeronautics and Space Administration 
that are embodied in H.R. 7978. These cuts, if sustained, would have disastrous 
consequences, and I am impelled to point them out. 

The degree of success or failure of the U.S. space effort, vis-a-vis that of the 
Russians, will be gravely influenced by what Congress decides in this crucial 
matter, 

A year ago this month, the Congress passed the National Aeronautics and Space 
Act: unanimously in the House, overwhelmingly in the Senate. One of the chief 
mandates laid down in the legislation was: “The preservation of the role of the 
United States as a leader in aeronautical and space science and technology * * *” 

During later hearings on our fiscal 1959 budget request, some Members of 
Congress raised serious questions about our not having requested far greater sums 
than we felt, after careful study, that we needed to organize NASA and initiate its 
programs. 
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What has happened since then to give anyone a sense of complacency? For] 
ean only interpret the action of the House as an indication of a lessening jp 
sense of urgency which has been expressed so often on the floor and in commit 

Have we—who started serious work in the space field 6 or 7 years after 
Soviets were pouring unlimited funds and their best brains into the drive to 
dominance in space—suddenly achieved some enormous advantage? 

If so, I would like to know about it. I would sleep better at night. 

Or has it come about in some way that we know that the Soviet satellites and 
space probes, which our scientific devices have tracked and reported, were some. 
how gigantic hoaxes? 

Gentlemen, tracking devices such as ours are not easily misled. We believe 
that the Russians have done exactly what they have announced they have done. 
And perhaps they have achieved much more that they have not revealed. 

Wholesale expression of congressional support for NASA was evident until very 
recently. Today the situation is strangely changed. NASA is faced, not with 
having to decline a plethora of funds, but with the prospect that vital projects 
will have to be curtailed or even put on the shelf because funds for them are being 
denied. 

I will not be challenged when I say that the United States must bend every 
effort to achieve a position of leadership in the space field. And we are all agreed 
that leadership in a race where there are only two participants cannot conceiy. 
ably mean running second. 

I do not have to tell you that we must have the facilities to exert that leader. 
ship. Also, we must have the men, we must have the money necessary to the task. 

The goal all of us seek—U.S. supremacy in space—was set by Congress last 
year and reaffirmed this year when Congress authorized the full NASA budget 
request. This authorization reflected the awareness of Congress that we cannot 
win the race in which we are engaged during this turning point in history should 
we be deprived of the all-out support of our legislators. 

Therefore, I request, with all the earnestness I can muster, that the cuts 
in the NASA budget be fully restored. 

The reductions in the NASA budget total $68,225,000. They renresent cuts 
both in the $45 million supplemental budget request for fiscal 1959 and from 
our $485,300,000 budget request for fiscal 1960. Actions in the House caused 
the reductions. 

First, the House Committee on Appropriations cut the combined requests 
by a total of $45,500,000. 

Second, technical points-of-order passed during debate in the House resulted 
in a further reduction of $22,725,000 in both requests. 

I am urging the members of this committee to make full restoration because 
to sustain those cuts or to compromise them will hamstring the United States 
space program. 

Moreover, if the Congress slices an already-lean NASA budget at a time when 
this Nation has barely begun its space effort, the world will conclude that the 
United States is having second thoughts about facing the Communist challenge in 
this field. Realistically, a research and development program of the complexity 
and magnitude of this one cannot be turned on and off at a moment's notice. 
Having made the decision to enter the race, and for many other important reasons, 
we must pursue with vigor an imaginative, well planned program. 

Well aware of the implications of the Russian’s commanding space lead, 
Congress created NASA last year around the nucleus of the highly respected 
National Advisory Committee for Aeronautics which had been serving the 
military services and the aircraft industry for 48 years. Our Agency became 
operative on October 1, 1958—1 year after Sputnik I began beeping ominously 
overhead. With NACA personnel and facilities, we were off to a good—if late— 
start. 

From the outset, both Houses of Congress have given us the strongest possible 
support. House and Senate space committees have devoted many weeks of 
hearings to our problems and programs. The House Committee on Science 
and Astronautics has heard 300 witnesses from NASA, the military services, 
and private industry during 70 days of hearings so far this year. The Senate 
Committee on Aeronautical and Space Sciences has devoted a great amount of 
its busy schedule to NASA’s program and the Nation’s space effort.. In con- 
nection with our 1960 budget the committee has published technical hearings 
of NASA work which are the most comprehensive, understandable, and edu 
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tional documents on the Federal Government’s aeronautical and space 
activities that exist today. 

Both Houses of Congress have this year overwhelmingly approved the re- 

ted authorizations for our 1959 supplemental and fiscal 1960 appropriations. 

Consequently, I am unable to grasp the reasons for the House cut. 

As Administrator, I have resisted the temptation to indulge in Sunday supple- 
ment speculation about the coming wonders of space exploration. I have been 
doing my utmost to see to it that the taxpayers’ money is spent wisely as we 
yenture into this new realm and reap its benefits. I have made it a point, how- 
ever, to be explicit with the Congress about the inevitable costliness of space 
research. Repeatedly I have stressed during congressional hearings that NASA 
pudgets will grow in the years ahead. 

At the same time, I have tried to convey my deep conviction that space re- 
search holds the promise that it may soon be paying for itself many times 
over in tangible economic benefits. We have every right to count on develop- 
ments in satellite meteorology, communications, navigation, and geodetics that 
will dramatically affect the lives of all of us. 

Taking these considerations into account, last year we put together a budget 
for fiscal 1960 which we felt would get us well into space exploration. As 
has been said time and time again, inventions are not conceived on schedule, 
and vast sums of money, spent without adequate thought and planning, partic- 
glarly in the early phases of a program, may hinder rather than facilitate 

ts. 
4 space technology is an expensive, fluid affair, it requires continuous 
review. Since January, when the President submitted our fiscal 1960 budget 
request, we have found means to get considerable more space mileage per dollar 
in some areas than originally had seemed possible. We have also discovered 
that others of our programs will cost more than our original estimates. 

When we prepared our first budget estimates back in November 1958, we 
based our space flight program upon Juno II and Thor-Able boosters. Our 
studies have taught us, however, that future reliance upon these vehicles would 
be uneconomical, in fact, that it is almost impossible to justify their use because 
of their limited load-carrying capacity and lack of versatility. We will, of 
course, use them for special-purpose tasks in connection with particular projects 
already under way. However, building on the technology developed out of 
the missile program, we have initiated development of Thor-Deltas, Vega, and 
Centaurs which—within 2 years—will enable us to launch much larger scientifie 
payloads far more efficiently and cheaply. 

This decision required that we pare our funds for basic research and for 
other activities. Subsequent studies have also indicated the need for additional 
tracking and data reduction installations and for the immediate modernization 
of existing stations. To meet this need, we have again had to trim elsewhere 
in the budget. 

Adjustments like these are by no means unusual in a research program, par- 
ticularly as we work at the frontiers of a new technology. We must deal with 
anew order of complexity and cost. We need to build and manage systems that 
are more than global in scope. Organization of the myriad components into 
aworking whole is a staggering task. 

At one and the same time, we find that advances of science generate a flood 
of new proposals and an unprecedented rate of obsolescence, thus making 
appraisal, selection, and phasing more and more difficult and complex. Direc- 
tion and control of technology has become one of today’s most pressing and 
managerial challenges. 

As I brought out earlier, our present budget has no slack whatsoever. As 
farther evidence of our tight belts, I would like to state that we do not have 
a single backup vehicle for any of our scientific experiments. Each must be 
a one-shot affair, and if the booster malfunctions, we will simply have to lay 
the experiment aside. 

Before spelling out for you just what this cut will mean to our program, 
I would like to point out that our research centers, which are deeply involved 
in aeronautical as well as space research, account for slightly more than $100 
million of our 1960 request. Actual new money for the space field is somewhat 
less than $375 million: Some or all of the large budget, long lead-time items in 
our space program, would be affected by the House action, if sustained. Here, 
in brief, is what the reduction could mean to our national space program in 
terms of time and progress: 
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(1) The development of the Vega rocket propulsion system might have to be 
drastically cut back. A key vehicle in our future plans, Vega will be capable of 
placing more than 5,000 pounds in an Earth orbit. It will be one of the first 
space vehicles capable of making extensive television surveys on the Moon’s 
surface. It will also be used for communications satellite relay experiments and 
will have the capacity to launch two-man satellites. It will be our first which 
is capable of matching the payload lofting capability of the Soviets. 

(2) In addition to cutting back Vega, we might have to retard Centayr 
another key space vehicle which will be able to place more than 8,000 pounds ina 
300-mile orbit and should be capable of softlanding a 730-pound scientific payloaq 
on the Moon. The Department of Defense, as well as NASA, has a strong jp. 
terest in this vehicle. 

(3) We would have to eliminate or drastically reduce the $30 million needeq 
for the 114-million-pound-thrust, single-chamber engine. This is a long leagq- 
time project to provide in about 6 years time propulsion units capable of ¢ 
million pounds thrust. Only with this vehicle will it be possible to carry opr 
manned expeditions to the Moon and back. The budget cut will set this back 
at least 1 year. 

(4) Among other long lead-time items on which we would have to reduce the 
pace is Project Rover which concerns the development of nuclear propulsion 
for space travel. 

(5) We would have to delay completing additions to our tracking and data 
acquisition networks. 

(6) Even our top-priority Project Mercury, the manned satellite project, 
would certainly be affected if we are to carry on with any semblance of a 
balanced program. This, of course, would increase the probability of the Soviets 
scoring still another beat in this aspect of space exploration. 

Let me assure you that I am not crying wolf. While we have not had the 
time to evaluate in detail the effect of the proposed cuts, it is clear that the items 
enumerated would be those most likely to be affected. 

A final, serious matter that I want to mention is the House action which 
reduced NASA’s request for personnel increases and supporting costs. You will 
recall that when the National Advisory Committee for Aeronautics was absorbed 
by NASA, 7,699 employees were transferred to the new agency. Along with the 
transfer went NACA’s heavy aeronautical research responsibilities. Since that 
time, only 1,269 employees have been added to carry the additional responsi- 
bilities. 

Now, we have requested funds to employ an additional 1,027—a modest in- 
crease in view of NASA’s mission. The House cut this number by 15 percent. 
These people are urgently needed to help make up the time that has already 
been lost. And the management—the sensible management—of a budget of the 
size under consideration is done by people in adequate numbers and of high 
quality. We have said that we propose to limit the size of our own staff in 
favor of contracting a substantial part of the space program. But we need men 
for planning, contracting, and monitoring those contracts. And we must havea 
sufficiently large in-house operation to assure that we have people knowledgeable 
in the field to provide the technical judgments necessary to the development of a 
sound program. Without the men to do the job, we will break our stride and 
fall even farther back. 

The decision in this Nation’s space exploration program is up to the Congress, 
Whatever the decision you make, we will attempt to carry it out with diligence 
and devoted effort. 

The work we are now doing is an important instrument of international pres- 
tige. By utilizing their space exploits as an instrument of power politics, the 
Russians have convinced a large segment of world opinion that success or failure 
in these experiments is a valid measure of our scientific progress and general 
cultural status, as opposed to theirs. And there is no blinking the fact that the 
uncommitted nations are influenced by space achievement. 

In conclusion I want to say that in my judgment, and in the judgment of the 
scientists and engineers who are with me here today, our 1959 supplemental and 
1960 budgets as originally submitted are sound—and conservative. They cannot 
be reduced without placing in jeopardy some of our most important programs. 


Mr. Sisk. Let me emphasize one thing. I don’t know what is going 
to happen this year on the budget, but I think it is your responsibility, 
Mr. Horner, and Dr. Glennan’s, and others of the NASA, to get down 
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jere and to tell this committee—and I hope my good friend from New 
York'willagree with me—to tell this committee about anything that 


~ geurs in the appropriations or the authorization bill that is going to 


substantially delay any portion of this program. 


i] feel that it is imperative that you tell this committee when this 


rs. 
“rt you told this committee last year, at any time, that this was going 
to be slowed down to this extent, I personally was not aware of it. I 
don’t know everything that goes on in this committee, Iam sure. But 
[am saying to you now, Mr. Horner, as a matter of good procedure, 
[would hope you would see fit in the future to tell us about it. 

As I say, I hope my good friend from New York agrees with this, 
because we have some responsibility in this thing, too. _ ; 

Mr. Horner. Mr. Sisk, we are very appreciative of the interest this 
committee has shown consistently in the integrity of our programs, and 
in its support. We will take every possible measure to see that this 
committee is kept informed. 

Mr, Rreutman. Mr. Chairman, last year, by the time we com- 
pleted our activities here, it was pretty late in the session for us to be 
notified as to what the actual action by the Appropriations Committee 
was. I think we are going to be in a much better position this year if 
we move along so we can be conversant with what the Appropriations 
Committee does with respect to the authorization we passed, and I 
hope we do the job here necessary to support them. 

I feel just exactly as my chairman does. We should be constantly 
abreast with what the actions are in respect. to the Appropriations 
Committee, and how it is going to affect your program if we are going 
to be helpful to NASA in carrying out its activities, 

Mr. Horner. I can certainly commit the activities of the NASA to 
the extent of assuring you that we will indeed be happy to keep this 
committee informed of the progress of the authorization request and 
the appropriation. 

I would like to respond to one other point you made, Mr. Sisk, and 
perhaps this is an error in judgment on our part as regards specifically 
the F-1 engine. 

We found ourselves in a position, as you had mentioned earlier, of 

uiring the bulk of the unused authorization for Project Mercury. 

e have asked for that appropriation in a supplemental appropria- 
tion, We faced the fact that in order to get any additional support 
for the F-1 engine in this time period, it would require new authoriza- 
tion, It was our judgment, and as I said, maybe it was not a good 
judgment, that we would have difficulty justifying a separate au- 
thorization procedure in the Government arrangements that have 
been established, specifically for this F-1 engine, with any reasonable 
expectation of getting relief for the F-1 engine any earlier than we 
could get it p -scen: the normal 1961 budget authorization and 

aving made that judgment, then the needs for the F-1 engine are 
reflected in the authorization request which you have before you at the 
present time. 

Mr. Sisk. I want to say to my colleague from New Mexico, if he has 
& question at any time, we are proceeding here in our subcommittee 
rather informally to try to develop as much backup information as we 
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can. I am sure the gentleman is aware that the area in which we 
are concerned at the present time is the liquid rocket engine, 

So, if he has i questions at this time—— 

Mr. Morris. Mr. Chairman, I appreciate it. I think I will listen 
for the time being. 


Mr. Sisk. Let me conclude my part of this by just this last question, , 


Do you anticipate anywhere in the foreseeable future that you are 
going to be given a DX priority rating on the F-1 engine? It is my 
understanding this request has been made to the Security Council and 
to others, and so far they have refused—or the Space Council, 
rather—they refused to give this a DX rating. 

I will put it in two questions. Do you think it should have a Dx 
rating, _ second, do you think there is any likelihood it is going to 
get one 

Mr. Horner. The question requires a rather complex answer, I am 
afraid, because of the way our priority system is arranged. 

Substantively the only effect a DX priority rating has on any de- 
velopment project is to break the logjam of material shortages should 
they exist. 

Mr. Sisx. And personnel shortages, brainpower, doesn’t it? 

Mr. Horner. Yes, sir, that is correct. 

All of the work on the F-1 engine at this time is being carried out 
under contract with American indatey. It is at the stage of develop. 
ment and will be for the next 2 years of treating very small numbers 
of engines in a comprehensive test program. 

The contractor informs us he has no material shortages. The nun- 
bers of different kinds of items that he is buying, the amount of basic 
material he is buying, is such that he doesn’t have any such problem, 
and, of course, his only problem with personnel is money to pay their 
salaries, and the DX priority would have no effect on that. 

Now, it is not quite accurate that a DX priority has been requested 
from the Security Council. 

Mr. Sisx. That is the Space Council, not the Security Council, 
isn’t it? The Space Council in this case would grant it ? 

Mr. Horner. In the final analysis the Security Council passes on 
the highest national priority. 

Mr. Sisk. I was right in my first part of my question, then. 

Mr. Horner. We at one time did include the F-1 engine on a list- 
ing of projects which we felt warranted a DX priority. It was after 
a discussion of the priority system, and the projects with the Defense 
Department, that we came to the conclusion that we could not con- 
scientiously support a request for DX priority on this development. 

I think, Mr. Sisk, that it is accurate to say there is general mis- 
understanding concerning what the priority system is, and what effects 
it has, on development programs especially. 

Mr. Stsx. Let me ask you, What priority does Mercury have? 

Mr. Horner. Mercury has a DX priority because there are la 
elements of the Mercury program that are carried out within the 
Government. There are many, many agencies involved in Govern- 
ment that are contributing to Mercury. The DX priority has been 
very fruitful in the case of Mercury, because we have had to assert 
relationships between our own projects, our own space task group, 
and the Department of Defense, and various other Government labora- 
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tories that are working on the program, and in a sense it is a production 
program. 

We do have, for example, in the Mercury program I think 12 Atlas 

ters. 

Mr. Wyatt. Fifteen. 

Mr. Horner. Fifteen. The Atlas missile itself does have a DX 
priority rating. If we had no DX priority in the Mercury, if there 
was conflict in the actual booster, the Atlas certainly would have 
complete claim on the boosters as opposed to the Mercury program. 

e also have under contract I believe 24 capsules, 1 may want to 
change that number. 

Mr. Wyatt. I think that is right. 

Mr. Horner. This isa problem, then. There is a mate- 
rials requirement here. So for these reasons of both materials, equip- 

t, and the personnel, the availability of Government personnel 
and Government laboratories, and other Government agencies, the DX 
priority is necessary and it is working for project Mercury, but this is 

uite 2 different project than the F-1 engine development at ths time. 

Mr. Sisk. All right, Mr. Horner. 

Before we pass on from this section of the bill, I want to give our 
staff people an opportunity to question. 

Ray, do you have some questions ? 

Mr. Witcove. Yes. Mr. Horner, with regard to the request for the 
DX priority on the big engine project. 

The request was first made to the Department of Defense and was 
turned down. Now, as I understand your position, at this time 
NASA was convinced by the Department of Defense that the DX 
priority was not necessary. If that was so, why was the request then 
submitted to the Space Council ? 

Mr. Horner. Mr. Wilcove, I am sorry, I will have to go back and 
check the record on that. As you rd know, I was not a member 
of the Administration at that time, and I would be afraid to rely on 
my memory. I don’t know whether any of my associates here can 
specifically call out the order of events. It is not my understanding, 
however, that the request was submitted to the Space Council after 
our discussions with the Department of Defense. I will have to check 
that to be sure. 

Mr. Witcove. Well, let’s put it this way. The request was turned 
down first by the Defense Department and then by the Space Council. 
That is my understanding. 

Mr. Horner. I don’t think that is correct, but I would like to fill 
out the record on that, if I may. 

~ Wucove. I would be glad later to put the actual dates in the 
record. 

Mr. Sisk. Will you in answer to that be sure to fill out the record, 
because this is a rather important point ? 

Mr, Horner. Yes, sir. 

_ Mr. Sisx. It is one which I had checked on a little bit myself. That 
is one of the things that led to my question. So somewhere here I 
think there is a little conflict, 

(The information requested will be found on p. 348). 

Mr. Sisk. Go ahead, Ray. 
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Mr. Witcove. First, I would like to emphasize that when we are 
talking about a lack of funds for the F-1 engine, we are talking about 
$500,000 a month, a rather small amount for your overall budget for 
research and development. 

Actually, you were appropriated $335 million. Of that amount, 
as I recall, $15 million was transferred to construction and equipment, 
which left $320 million. 

Now, at the same time that you were cutting the F-1 program yoy 
were increasing some of your other programs, despite the cut in ‘the 
research and development funds. 1 mean programs in addition to 
project Mercury. 

It would appear to me, therefore, that while considered other 
programs more important, you considered the F-1 engine less 

ould you tell us what other programs were increased after the $18.5 
million cut was made in your research and development funds ? 

Mr. Horner. I will look at our program, Mr. Wilcove. I am not 
aware of any such increases. It is awfully hard to say increases from 
what, because our program plan, I think, was fairly well firm at the 
end of the last fiscal year of operations. 

Mr. Wicove. Let us put it this way. You had your program all 
planned and you submitted it to the appropriations committee. It 
called for $335, 350, 000, in research and development funds. 

Now, when you received a reduction in the amount appropriated 
below the amount authorized you felt you had to absorb, and undoubt- 
edly you did have to absorb, the amount of the reduction. The big 
engine project took a $6 million reduction. 

I have been informed by your own budget office that in the re- 
shuffling of the program that followed, some of the programs, includ- 
ing apparently project Mercury, had their funds increased. 

r. Horner. This is certainly very possible, because, as these de- 
velopment programs go on, as I mentioned earlier, the support that an 
individual project demands is a function of where you happen to be on 
the progress in that project at the moment, and if you are very much in 
the hardware stage of development, and there is, for example, an over- 
run in the project which requires that more money be applied for 
specific hardware item completion, we might very well add small 
amounts of money to individual projects. 

I don’t have any such projects in mind. Perhaps Mr. Wyatt could 
answer. 

Mr. Wyatt. Yes, I could respond to some of the things that oe- 
curred. They all bear on and supplement the testimony that Mr. 
Horner has given. 

We had underway specific projects which we outlined to the Con- 
gress last year in these areas of scientific investigations in space and 
satellite applications, as well as project Mercury. ‘These were our 
flight program areas. 

vow, we have to go back to the perspective that the 1960 budget was 
prepared within 2 months after the NASA became an agency, and 
many of our estimates, particularly on Project Mercury, of our antici- 
ated necessary 1960 expenditures, were at a very, very early state, 
efore the projects really got underway. The same considerations 
held for many of the other flight projects ; scientific satellites, lunar and 
planetary exploration problems, and so forth. 
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We did find it necessary, first off, to considerably augment the 
gmount of money in Project Mercury in order to try to maintain the 
fastest possible rate of development for Project Mercury. We did this 
by reprograming some of the 1959 funds, to the extent of about $834 
million, and we applied this to Project Mercury. 

This meant that for projects which originally we had anticipated 
funding from 1959 in other areas, we had to remove the money, and 
this prevented us from making as much of a cut on the surface in these 

rojects in 1960 as we otherwise might have. 

hen in Project Mercury in addition, as you remarked, we found it 
necessary to transfer $15 million to the construction and equipment 
account in order to pet on with the construction of the tracking range. 
So that we had to absorb this $15 million on top of the $18 nifiied re- 
duction in the appropriation, so really we were facing the year with a 
$3314 million net cut below what we had hoped were going to be our 
resources ; $1814 of it because of reduction in appropriations, and $15 
million of it because of a realization that we were going to have to 
apply money more rapidly to the Mercury range than we had antici- 

ated. 

P Well, as you look at the whole program, as you consider the develop- 
ment items that were underway, that as Mr. Horner has pointed out 
have to precede the flight of a Nova vehicle, or any other vehicle to 
the moon, we felt that we had certain items that we could not reduce. 
For example, the Centaur engine development, we did not reduce that. 

At that time the Vega vehicle development was not reduced. Later 
on those moneys were reprogramed when the Vega project was can- 
celed. We did reprogram some of those moneys into an apparent in- 
crease, for example, in the lunar and planetary exploration account. 
But you must bear in mind that when Vega was a going project, the 
Vega vehicle development account provided the vehicles for some of 
these lunar flights. When we canceled Vega, and chose to use the 
Agena as the vehicle, we had to move the funding up into the Lunar 
and planetary account to pay for the Agena vehicle. Hence, what we 
were doing was substituting an Agena vehicle, or a number of them, 
for Vega vehicles. We moved the money up but did not actually in- 
crease the scope of the lunar and planetary program, but by a simple 
change in boo rege. we then showed the money under the program 
to be applied to the vehicles, whereas previously the vehicles were pro- 
vided from a development account. 

We had to make a number of adjustments such as this, but simul- 
taneously we actually did have to make very careful examination of 
our whale flight program, and, as Mr. Horner has already pointed out, 
we cut the meteorological program to the slowest rate that we felt made 
any sense to carry on. We had to stretch out and reduce the rates of 
firings on the scientific satellites, and the lunar and planetary areas 
in order to accommodate the effective $3314-million reduction in re- 
sources because of the uncommon demand of the Mercury project. 

Mr. Witcove. Well, now, I am not being critical of the reshuffling 
of the program, and the fact that some of the programs had their 
funds increased, but I am concerned that in the reshuffling the big 
engine project was delayed 12 or 18 months because of a loss of $6 
million. 
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Let me ask youthis. Was there any program other than F-1 which 
received a cut of $6 million or more? 

To phrase it another way, did the F—1 engine receive the largest cut? 

Mr. Wyatt. When we presented our 1960 budget in the manned 
space flight area we presented an item of $20 million for a program to 
follow beyond Project Mercury. We had to wipe that out com. 
pletely, although we did not change moneys in the account. We 
scully reduced the manned space program by $20 million. What we 
did was wipe out the followup effort and applied that money directly 
to Project Mercury. 

This is one example where we did change the program. 

Mr. Witcove. Was any program cut more than the F-1 project? 

Mr. Wyarr. The manned space program was cut $20 million jn 
terms of the followon effort. 

Mr. Wixcove. But the program itself, the immediate program, you 
did not cut it? 

Mr. Wyatt. No, sir; we held the Project Mercury. 

Mr. Wucove. Timewise, you didn’t delay the program? 

Mr. Wyatt. Not Project & 

Mr. Wiicove. Was there any other program besides the F-1 that 
was cut that much? 

Mr. Horner. The Centaur was cut by an almost comparable amount. 
I don’t know whether it was that much. 

Mr. Wyatt. $4 million. 

Mr. Wiucove. About $4 million? 

Mr. Wyatt. I don’t recall these numbers specifically. We would 
have to examine that. 

Mr. Sisk. Just a moment. Let me ask you a question there. 

Where did you get the $52 million turned over yesterday to the 
Air Force? 

Mr. Horner. I beg your pardon ? 

Mr. Sisx. You just turned over $52 million to the Air Force. 

Mr. Horner. That is from the research and development program 
account. 

Mr. Sisk. You turned that over when, now, just the last few dayst 

Mr. Horner. We turned it over to the Air Force because we are 
using them as our contracting agent in the Centaur program. It 
shows on the books as being turned over to the Air Force. Actually, 
the program is under our technical supervision. 

Mr. Sisk. In taking a look at the figures, I was curious where you 
got the $52 million. 

Mr. Horner. Out of Centaur and Mercury, I believe, almost wholly 
out of those two accounts. 

Mr. Sisx. Out of Centaur and Mercury. All right, Centaur had 
$37 million in it, and Mercury you stepped up. You have not cut it 
back, so I was still just a little bit curious. He is worrying about $6 
million and I noticed in this morning’s newspapers that $52 million 
was turned over to the Air Force. 

Mr. Wyarr. This is simply a channel by which we are expendin 
that money. In the case of the McDonald contract, this is transfer 
over to the Defense Department because they are our fiscal agents, 
they are our contracting agents. But that is part of the programing 
of these funds. It does not represent an addition to anything that we: 
have programed here. 
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Mr. Horner. I would very much like to assure the committee that 
we regret the stretchout, the decrease in funds on the F-1 engine 
ust as much as the committee does. We would like to carry this 

rogram at the rate at which it was originally planned. We certainly, 
aa possibly could, would find other places to accept that decrease. 
It is our judgment that should we—had we applied that $6-million 
decrease to any other area, the committee would have found it even 
jess palatable than to the F-1 engine. We feel it would have made- 
Jess sense in our program and caused us problems in the balance of 
the program. 

Mr. Sisk. Go ahead. 

Mr. Wizcove. Mr. Chairman. 

Will you submit for the record a statement showing how the cut 
of $18.5 million in research and development funds was absorbed by 
your program ? 

Mr. Horner. We would be glad to. 

(The information will be found on p. 377). 

Mr. Witcove. I have one more 

I believe, Mr. Horner, you said with regard to a manned expedi- 
tion to the moon in this decade—I don’t know if I am quoting you 
exactly—but I believe you said that if you had unlimited funds it was. 

uite possible that a manned expedition could reach the moon this 
loads. If that is correct, could you submit to this committee a 
statement of how much funds you think would be necessary to achieve 
such a result ? 

Mr. Horner. We will try. 

Mr. Witcove. Thank you. 

Mr. Horner. This requires a tremendous amount of analytical 
study, Mr. Wilcove, in order to provide a sensible statement in that 
respect. 

Mr. Mr. Chairman. 

Mr. Sisk. Yes. 

Mr. Rrextman I wonder if Mr. Wilcove couldn’t modify that? 
Idon’t want to put a burden on NASA to go back into research here 
for weeks to give us an exact figure. I think if they come up with 
some rough estimate, that is all the committee would like. 

Mr. Witcove. Yes, I think an approximation would be all right. 

Mr. Sisk. The point I think of the question, as I understand it— 
and, of course, this leads to a large extent to the fact that I took as 
much time as I did this morning after I analyzed and did some think- 
ing over the weekend about the whole direction here, and that is that 
Pesrently NASA today, even though this is 1960, has conceded in 
their own opinion that there is no possible chance of a manned ex- 
pedition and return from the moon in this decade. That is a sum- 
mation of your statement, certainly for Thursday, isn’t that true, so 
we can just sum up on that basis? 

Mr. Horner. A manned space flight to the moon certainly will not 
occur in this decade unless we plan it, so we have not planned it so it 
will not occur in this decade. 

vl yi Can we amend that to say it will not be done by this 
count 

Mr. Horner. This is not saying the program cannot be changed. 

Mr. Wixcove. Or other countries cannot achieve the same results? 
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Mr. Horner. Iam sorry. I was referring to the United States, 

Mr. Sisk. The change of the program, I think, was the main point 
of Mr. Wilcove’s question. I realize it probably would take a lot to 
pin that down to anything other than opinion, but that goes to the 
whole problem. I am going to ask the chairman of our full commit. 
tee to have the rocket people come in and give us their picture on what 
is happening to the F—1 engine and what they think about it. Th 
of course, is going to be up to him, and the committee. But I hope 
we can explore something further on this. 

Are there any other questions before we leave this part? 

Mr. Hines. 1 would like to address my question to Mr. Hyatt, and 
refer to a previous ee about the solid-fuel rocket development 
that is being accomplished by the Air Force. 

Does NASA intend to participate in this particular program or g 
similar program ? 

Mr. Hyarr. In this particular one you are referring to, the program 
that Mr. Horner discussed last Friday ? 

Mr. Hines. Yes. 

Mr. Hyarr. We are participating in the sense we have had people 
on the evaluation team. We do not plan to supply any funds to them 
for this program. 

Mr. Hines. You do not? 

Mr. Hyarr. No. 

Mr. Hines. Is the art sufficiently developed, or does the technical 
poetry under which NASA is operating now to utilize a million- 
pound boost permit the utilization of say, a 20 million seconds of 
specific impulse? 

Would you have to redesign your components? 

Mr. Hyartr. Could you restate your question? I am not sure J 
can address myself to the question as stated. 

Mr. Hives. As I recall the testimony of Thursday, you said the 
Air Force solid-fuel development program plans a specific impulse of 
20 million seconds. This would imply a booster of tremendous ac- 
celeration, getting off the ground very rapidly, which would certainly 
impose a tremendous technical problem to build components to with- 
stand such loads. 

Is this too great a departure from your ae philosophy ? 

Mr. Hyarr. This is not so. Twenty million pounds can be divided 
up as Mr. Horner stated into 250,000 pounds of thrust for, say, 80 
seconds, or it could be a million pounds of thrust for 20 seconds. You 
multiply the two to get the pound-second impulse. 

Mr. Hines. Yes. 

Mr. Hyarr. Now, if you had a 250,000-pound-thrust engine, and 
had a weight of 200,000 pounds, then the acceleration would not 

as great as you implied. 

Mr. Hives. One other question with reference to the F-1 engine, 
which I hope is the final question on this: The Navy has said that 
their Manhattan-type approach to the development of the Polaris 
was very successful. I realize the Navy has large resources to draw 
upon, but would the creation of a Manhattan-type project or ap- 
proach to the F-1 engine development materially accelerate that 
program ? 
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Mr. Hyarr. I don’t think so, because when we speak of a Man- 
hattan-type project, or a project similar to Polaris, we are speaking 
of a systems project, where we have engines, we have vehicles, we have 
submarines, we have training, we have all sorts of things that go into 
the entire weapon systems. 

In the case of the F-1 engines, there is just one component of a 
complete system, and that is handled entirely in one industrial 


com A 

Mr. 1NEs. Perhaps I was too narrow in my question. I was en- 
yisioning the followup of the F-1. I should have mentioned this. 

Mr. Hyarr. If you intend to say the entire Nova configuration, and 
the plan to use it, let’s say, for a manned expedition to the Moon. 

r. Hines. That is what I was leading to. 

Mr. Hyarr. If this is your question, then certainly a single organi- 
gation devoted to just that goal, in my personal opinion, is more effi- 
cent than having an organization take care of it that has other goals 
in mind. 

Mr. Hines. Let us assume this is established, or this is deemed to be 
proper. How would this approach to the F-1 development inhibit 
the other programs of NASA? Would this provide a serious drain 
upon other programs, in talent, and money ¢ 

Mr. Hyarr. Again, could you be more explicit ? 

Mr. Hines. Well, you have programed your procedures for the F-1 
engine to produce an engine of million-pound thrust and the Nova 
configuration, all within the framework of NASA’s current programs. 
You inserted a change of organization, we will say, and established 
the Manhattan-type project. Would this inhibit or seriously affect 
the progress of the other NASA programs in conjunction with this? 

Mr. Hyarr. Well, it would in the sense that probably Congress 
would divide up the funds and make lesser amounts available to 
NASA, so it would definitely have an effect on other programs. 

Mr. Hines. I am thinking more in terms of other resources, to— 
talent, for one. A Manhattan-type approach implies the ability to go 
right uate any program and take what is needed from other 

rograms 
r. Hyarr. Yes. 

Mr. Hines. This would happen, would it not ? 

Mr. Hyarr. I think, sir, you answered your own question. The 
Manhattan-type program, with its top priority and so on, the answer 
would be yes. 

Mr. Hines. Thank you. 

eh Sux. All right, are there any other questions on this liquid 
rocket 

I think we have pretty well hammered this one around. We have 
got at least some idea of the thinking of NASA and whether we are 
happy with it, or not, at least we know pretty well what you expect 
to do. 

With one final closing question, then, we will move on. In your 
opinion, the $63 million that is requested for the liquid rocket engines 
for 1961 will be ample to permit a maximum rate of development. 
Is that right ? 

Mr. Horner. Yes, sir; from the area—from the program level at 
which we are today, T think it would be better to say that it will pro- 
vide for a very energetic level of development of the F-1 engine. 
Thesitate to say maximum. 
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Mr. Sisx. Well, of course, that is the thing that gets on my nerves 
a little bit, this hedging around on the terms, when I think we should 
be moving ahead at the maximum rate of development. That is not 
a criticism of your terminology, because I realize you are under the 


n. 
Mr. Horner. The answer to your question, then, Mr. Sisk, is no, 
it is not enough. 

Mr. Sisk. I expect to explore this thing further in the future, 

The next item is nuclear systems technology, which we decided to 
carry over until later. 

The next item is space power technology, on page 181. I believe 
we decided, as I recall, that it would be well to have the AEC people 
testify before considering it and lump those two together, 

Was that your recommendation, Mr. Horner ? 

Mr. Horner. Mr. Sisk, I felt there might have been some confusion 
on that last Thursday. Actually, this is power technology unrelated 
to nuclear sources. There is no reason why we shouldn't go ahead 
with this at this time. 

Mr. Sisk. Fine. You go ahead and explain if you can briefly what 
you have in mind on this space power technology here. You are 
renee $8 million, That 1s about double what you had last year, 

ight ¢ 

‘* Horner. Yes, sir. And I would like to have Mr, Finger talk 
on that, 

Mr. Sisk. All right, Mr. Finger, fine. We haven’t heard from you 
in these hearings, so we will be glad to hear from you for a while, 

Mr. Frincer. It has been interesting listening. 


STATEMENT OF HAROLD B, FINGER, CHIEF, NUCLEAR PROPUL- 
SION, OFFICE OF LAUNCH VEHICLE PROGRAMS, NATIONAL AERO- 
NAUTICS AND SPACE ADMINISTRATION 


This space power technology program is actually divided into two 
areas Sno is the development of the technology and development of 
systems for producing electrical power in space other than those: 
systems that use nuclear power sources. The other part of the pro- 
gram is the development of electrical thrust devices that would be 
tied to nuclear electric systems to give us electrical propulsion rockets, 

So we have electrical thrust devices and electric power generating 
systems other than the nuclear systems in this program. 

Let me, first discuss the electric power generating systems other 
than those dependent on nuclear sources. As you know, in practically 
all of our satellites to date, we have used chemical systems (batteries 
to produce electrical power) or solar systems (large silicon cell arrays). 
which had silicon cells arranged on arms, and when the payload was 
boosted into the orbit, these arms sprung out and started generating 
power due to the action of solar radiation on these silicon cells. 

We find in addition that there are other ways of using solar power. 
For example, we can use a very large mirror and focus the rays of the 


sun on a boiler and boil a working fluid which drives the turbine as. 


in our ground systems. This turbo-generator system is then adage 
to the solar system. All of these systems are covered by this budget 
item. 

I would like to address myself here to the line items that appear on: 
page 182. 
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The first two items are those applicable to the generation of elec- 
trical power. The first is the Applied Research and Development item. 
This includes many different pieces of the electric generating system. 
For example, in this applied research and development item are funds 
for the reduction of weight of these large silicon cell arrays. It turns 
out the weight of these arrays is determined by the structural weight 
of the system. The silicon cells, themselves, are very thin and very 
ight, but we must mount these silicon cells on to some sort of a plate. 
Since these arrays become extremely large, this plate must be a heavy 
structure just to support itself during the launch. 

There are, we believe, ways of reducing the weight of these arms. 
Research and development aimed at reduction in weight of silicon 
cell arrays is then included in this item. 

In addition, in all of these solar devices, solar powered electric gen- 
erating systems, there are times when we operate in the dark; that i 
as the satellite moves around the Earth it gets into the dark side o 
the Earth at times. Since there is no Sun, if we didn’t have some 
aeiary device for storing power, we would have no electrical power 
during this time. We must use, then, various kinds of storage systems. 

For example, we can use storage batteries, and in many of our sys- 
tems that is exactly what we do. The Explorer VI has storage bat- 
teries. 

When we go to more advanced systems, for instance the large solar 
collector systems, the temperature is too high, and the life of the bat- 
teries are too low to permit effective application of these to solar col- 
Jector systems. So we have to develop new ways of storing solar energy 
while the payload is on the dark side of its orbit. 

One of these systems is to melt a metal, and then use this molten 
metal—it is a hot molten metal—to heat fluid and drive this turbine 
while we are on the dark side. 

This requires research and development in order to determine how to 
contain the fluid, how to draw heat out of it when we need it, and so on. 

There are other methods also of generating power, and storing 

wer in fuel cells, in which, for example, hydrogen and oxygen can 
Eistored and used to generate electrical power. 

All of these items are included under Applied Research and Devel- 
opment. This work will be conducted on contract and in addition 
a large part of this work, particularly the silicon cell array work, 
will be handled by the Jet Propulsion Research Laboratory. 

Now, the second item is the Development of Solar Auxiliary Power 
Units, and specifically the kind of a unit we are talking about here 
is this large solar collector system that focuses heat on the boiler 
and drives the turbo-generator. 

The unit that we have already invited proposals for would generate 

three kilowatts of electrical power, and could be used with the 
Centaur and Saturn vehicles. It is a long-life electric power system. 
These funds cover the development of that system, and associated 
auxiliary equipment. 
_ For example, there is another problem in these systems, and that 
is that the collector must always be aimed at the sun very accurately 
to get high temperature, so that, included in the solar unit develop- 
ment, is an attitude control system specifically for that unit; a sys- 
tem which will accurately control the collector’s attitude so that it 
faces the sun. 
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In addition, the heat ic system, for this particular unit jg 
in this budget item. Basically, this is a development project, a 
development of particular hardware; the first item being research 
and development to develop improved methods of generating power, 

Now, the next main area of our work is directed at research and 
development on electric thrust generators. The first two items in 
the budget are the electric power generating systems, the second two 
are the electric thrust generators, and there are a host of different 
kinds of electric thrust devices. In fact, there are so many that it 
is too early to pick any one and say this one will carry us through 
all the missions for which these systems are advantageous. 

As you may recall in our presentations before the full committee, 
we indicated that these electric rockets, of which the electric thrust 

nerator is the thrust producing portion, are considered to have very 

igh potential for accomplishing long-range missions. 

If we talk about a logical development program, we would first 
use these on near-earth missions. For example, we might use them 
to raise a satellite from a 300-mile orbit to the 24-hour orbit. And 
it turns out for missions of that sort, or for planetary probe missions, 
we don’t need as high a specific impulse, or as high a value of pounds 
of thrust per pound of propellant expended, as we would like in very 
long-range missions. 

In fact, we can get by with something like 2,000 seconds of impulse, 
and for that reason, we are doing research and development on these 
plasma are jet rocket engines. 

Specifically this is a system in which hydrogen, or helium, or other 
gases are heated by the use of an electric arc blown across the jet, 
Then, this hot hydrogen is ampen ete through a regular jet nozzle, 

These systems appear capable of developing up to 2,000 seconds 
impulse, and you can see we have this third budget line item which 
is aimed at the development of the plasma arc jet rocket engine, and 
also at research on plasma arc jet rocket engines. Hopefully this 
would result in a plasma jet that could be tied to our SNAP-8 sys- 
tem, which we will discuss after the AEC appears before the com- 
mittee. 

The SNAP-8 is covered in our nuclear systems. The final item 
is the ion rocket engine. This system is capable of developing im- 
pulses up to 10,000 and 20,000 seconds, and it, I believe, is the system 
that looks best. for very long-range missions. 

The importance of impulse is that the more thrust you can get out 
of every pound of propellant flowing out of the jet nozzle per sec- 
ond, the less the total propellant you need. For very long-range 
missions, the saving in propellant is a very significant factor and 
lets us deliver higher payloads. 

There is more room left for payload if we use less propellant. So 
the final budget line item then is research and development for ion 
rocket engines. Again it would be hoped some work applicable to 
a system of SNAP-8’s, or clusters of SNAP-8’s would arise out of 
this, but this item is research and development work, 

I think this covers all of the items. I might just make one other 
statement, and that is that with these electric thrust devices, we would 
certainly want to use nuclear power systems. The nuclear power 
systems for generating electrical power needed is included in our 
nuclear systems technology budget. 
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All our nuclear work appears in that budget item. Thank you. 

Mr. Sisk. The gentleman from New York, do you have any ques- 
sang 

Or, Rirui_Man. That is a very interesting statement, Mr. Chair- 
man, but I don’t feel I want to ask any questions, 

Mr. Sisk. The gentleman from New Mexico? 

Mr. Morris. Mr. Chairman, I would just like to ask the gentleman 
one question. 

Would a large solar furnace be an asset to the basic research in the 
solar auxiliary power unit ? 

Mr. Frncer. You mean the ground type system ? 

Mr. Morris. Yes. 

Mr. Frvcer. It might. I think one of the main problems is that 
none of the ordinary solar furnaces I know of, these large reflectors, 
go to sufficiently high temperature to be really useful. 

There are other ways of mocking up the heat. That is, for de- 
yelopment of most of the auxiliary components, we can mock up the 

t. 
te Morris. Yes, you can mock up the heat, but you don’t get a 
pure heat, do you, by these other systems ¢ 

Mr. Finger. It is satisfactory. The important thing is to get the 
temperature in the development of the auxiliary components, and that 
we can get in many ways. It is sufficient heat level that is required. 

Of course, I am sure you have all seen these solar collectors that are 
being sold as barbecue units to fry frankfurters and soon. But obvi- 
ously they don’t go to 1,000° to 2,000°. Fahrenheit which is what we 
want. 

Mr. Wyarr. Mr. Morris, if I may elaborate on this. I think you 
are referring to the use of the solar furnace in a metallurgical process 
for melting materials where it is desirable to have a very pure heat 
source so you don’t contaminate the material, itself. 

As such, the ground solar unit has a very definite place. In the 
applications we are referring to here, we are not trying to melt some- 
thing and use it as a specimen; all we are trying to do is to boil a 
liquid within a container, so all we are interested in is applying suffi- 
cient heat to the surface of the container to get this heated, and the 
question of when you are mocking this up or working with it on the 

und, the only problem is getting a comparable amount of heat 
ocused on the container and you don’t really care whether it is con- 
taminated, say, due to the combustion of gases or not, because we are 
not concerned with the purity of the heat source. 

Mr. Morris. But actually, isn’t the only way to get a high tempera- 
ture, pure heat, with the large solar furnace ? 

Mr. Wyart. I think you are correct. 

Mr. Morris. Wouldn’t it be very useful in research / 

: Mr. Horner. The main difference here, Mr. Morris, is the level of 
eating. 

Mr. ican was speaking of high temperatures in terms of what is 

ordinarily available in backyard solar furnaces, but as a practical 

matter for the use in which he is concerned, temperatures on the order 

of 1,000° are adequate, whereas the very large solar furnaces that are 

used for metallurgical research are trying for temperatures of 5,000°. 

Mr. Morris. Yes, that is correct. 
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Well, now, the National Aeronautics and Space Administration jg 
interested in sending a man to the Moon, isn’t it? That is one of the 
things we have been Lissecsinns here, is it not ? 

Mr. Horner. Yes, sir. 

Mr. Morris. Aren’t you going to encounter some temperatu 
possibly around 4,000° and 5,000° at times, when you go to bring this 
man back, or when you take him there, and isn’t that going to be a 
pure heat 

Mr. Horner. Temperatures from solar radiation, as far as space. 
craft design is concerned, are relatively easily controllable by con. 
trolling reradiation. The materials problems that we encounter that 
are coupled with high temperatures, are almost without exception 
related to reentry into the atmosphere. 

This is a temperature of compression of the atmosphere, and ag 
such, is not uncontaminated in the sense that you mention it. 

In fact, it is very much contaminated by the characteristics of the 
atmosphere. 

Mr. Morris. Well, have you developed this? 

Mr. Horner. Yes, sir. Asa matter of fact, we have in this current 
year’s budget a facility at the Langley Research Center, the basic 
purpose of which is to reproduce not only the temperature, but the 
characteristic atmosphere also. 

Mr. Morris. At what temperature? 

Mr. Hyarr. Mr. Chairman, just for the record, I would like to 
mention in the space propulsion funds, applied research and develop- 
ment, we also have funds for applied research and development on 
means of converting heat energy to electrical energy by other than 
turbo-machinery. These systems are called thermionic systems and 
thermoelectric systems. 

Mr. Horner. I am afraid Mr. Morris’ question was interrupted. 

The answer to your question is, the design objective is 5,000°. The 
temperature is applied by electrical boosting, electrically boosting the 
heat of the gas flow from a pebble bed heater. 

Mr. Fincer. Your point is well taken. That system has a limited 
time of operation. 

Mr. Morris. That is an almost instantaneous application, isn’t it, 
‘to that type of device? 

Mr. Horner. I beg your pardon? 

Mr. Morris. Isn’t that an almost instantaneous situation ? 

In other words, you couldn’t keep that 4,000° or 5,000° temperature 
for any length of time through that type of device, could you? 

Mr. Wyart. It is anticipated, sir, in the description of the particu- 
lar facility on page 309, they expect the running time of about 20 
seconds at temperatures of 4,500° Rankine, or about 4,000° Fahrenheit. 

There will be another leg in the same facility, and I have to read 
it from here because I am not intimately familiar with the particular 
facility. They are talking about temperatures of 7,000° to 16,000°, 

at running time of 3 to 4 minutes. 

Mr. Morris. Are those processes already developed ? 

Mr. Horner. The heating processes are highly developed in other 
facilities that we are now using. They have not been used to this 
degree, and this is an extension of the art. This is a very common 
technique in hypersonic aerodynamics. 
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Mr. Wyarr. I would point out, sir, if a facility such as this pro- 
duces not only heat, but also the velocity condition, for the condition 
of simulation which is very important—for example, in a nose cone 
as we know it now, an ablating type nose cone, in which you actually 
melt or ablate the surface as you re-enter, the flow pattern is deter- 
mined by the velocity across the face as well as the temperature itself. 
And a facility such as the type on page 309 produces the velocity 

ndition. 

Wir. Morris. Mr. Chairman, that isall. Thank you. 

Mr. Sisk. Dick. 

Mr. Hines. In 1958, Dr. Merkle described for us a propulsion de- 
yice called “Old Pokey.” Is that included within this ie get section 
on which we are questioning you ? 

Mr. Fincer. No, it is not. 

Mr. Hines. I won’t question you about this then. 

Mr. Fincer. The area he was talking about was in the nuclear 
rocket. 

Mr. Hines. This is in another section ? 

Mr. Fincer. Yes. 

Mr. Sisk. We will move on. 

In view of the fact that there are no requests for funds, will you 
briefly indicate the situation on Scout ¢ 

Mr. Horner. The Scout program for purposes of development has 
been completely funded in fiscal years 1959 and 1960. 

There is money in this budget to the extent of, I believe, $314 mil- 
lion for the purchase of Scout, Scout vehicles for the scientific satellite 

rogram. 

. r. Sisk. But then as far as Research and development—— 

Mr. Horner. As far as Research and development, it has been com- 
pleted, or will be completed within 6 months. 

Mr. Sisk. All right, fine. 

Mr. Wiucove. The overall cost of the Scout program would then be 
$6 million, $12 million, roughly $16 million. Is that correct ? 

Mr. Wyarr. No, sir. The development cost is as indicated here, 
about $9 million. 

The other figure that Mr. Horner referred to is for follow-on use 
items. In other words, the rate of $500,000 to $700,000 per vehicle, as 
we use them in flight programs. It has nothing to do with the de- 
velopment of the vehicle. 

r. Witcove. What would you say would be the overall cost of the 
program then ? 

Mr, Wyarr. We actually anticipate the Scout program going on 
for years. We will be using Scout in our program as far down the 
future as we can see at the present time. | 

“rh Wu.cove. Over the years 1959, 1960, 1961, what would be the 
cost 

Mr. Wyatt. $9 million development for the first vehicles. 

Mr. Horner. About $700,000 for each vehicle that would fly there- 
after in any of the programs? 

Mr. Witcove. That is all, Mr. Chairman. 

Mr. Sisk. Any other questions on Scout ? 
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We will quickly take up Delta. Would one of you gentlemen com. 
ment on the Delta program? Your request is down just slightly from 
1960, although approximately the same amount. 

In fact, this seems to have been very fixed over 1959, 1960, and 196] 

Mr. Horner. The reason for this, Mr. Sisk, is that the Delta pro- 
gram is a development program based on known components for the 
three stages of the vehicles to produce 12 vehicles which will have q 
better capability than the space vehicles that have been used thus far 
using the IRBMs as a first stage. 

This vehicle takes the Thor as the first stage, a second stage from 
the Vanguard Saisie and a third stage from the solid propellent 
stage of the Vanguard program. This you will recognize is ve 
similar to the Thor-Able configuration we have used previously in 
our program and that the Air Force has used. 

The primary difference between this vehicle and the Thor-Able js 
the arrangement of the guidance system which permits a coasti 
period, which in turn will provide a more accurate performance i 
a better payload performance. 

The $38 million here represents the total cost, not only for those 
developments related to the vehicle, but also for buying and launeh- 
ing the 12 vehicles. 

r. Stsk. Do I understand then that this actually will conclude 
research and development requests? That is, you anticipate this will 
terminate the research and development request for the program? 

Mr. Horner. Yes, sir; it does more than that, Mr. Sisk. It buys 
out the program to the extent we are going to use it. 

The further vehicle procurement based on IRBM first stages will 
use the Thor-Agena which is a stage being developed now, and which 
we will use in other areas of our program. 

Mr. Rrentman. No questions, Mr. Chairman. 

Mr. Witcove. Mr. Chairman. 

Mr. Sisk. Mr. Wilcove has some questions. 

Mr. Witcove. What company is producing the Delta? 

Mr. Horner. The first stage is being produced by Douglas. The 
second stage is being produced by Aero-Jet General, and the top 
stage is Allegheny Ballistics. 

Mr. WiLcove. en will the vehicle be in operation ? 

Mr. Horner. Its first flight is scheduled in April, I believe. 

Mr. Wioove. April of this year? 

Mr. Horner. Yes; the month after next. 

Mr. Wicove. Thank you. 

Mr. Sisk. The first flight is scheduled in 

By the way, how many flights of the Delta are scheduled for this 
calendar year? Do you have any idea? 

Mr. Horner. I think it is five, Mr. Chairman, but I would like to 
correct that figure later if it is incorrect. 

Mr. Hines. What is the intended objective of the April shot? 

Mr. Horner. I would like to provide that for you in executive ses- 
sion if I could, please. 

Mr. Hines. All right. 

Mr. Sisx. All right. The total request here to close this program 
out, to buy it out, is $1214 million. 

If there are no further questions, it is now 12 o’clock. 
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Off the record for just a moment now. 

(Discussion off the record.) 

Mr. Sisk. We will = on meeting tomorrow afternoon and you 
will be advised, Mr. Horner, you and your people, where we will 


meet. 

I think there might be a few questions on Vega. Of course, it has 
been canceled now. There is no money request, but we will start with 
that tomorrow afternoon. 

Thank you gentlemen very much. The committee stands adjourned. 

(Whereupon, at 12:03 p.m., the subcommittee was adjourned, to 
reconvene at 2:30 p.m., Tuesday, February 23, 1960.) 
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TUESDAY, FEBRUARY 23, 1960 


House or REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Suscommittee No. 4, 
Washington, D.C. 

The subcommittee met at 2:30 p.m., Hon. B. F. Sisk, chairman of 
the subcommittee, presiding. 

Mr. Sisk. The subcommittee will come to order for further con- 
sideration of NASA’s budget requests. ; ° 

I believe in our last hearing we completed the discussion on the 
Delta vehicle. I believe that is where we cut off. Am I right or 
wrong ? 

Mr. Wyatt. That is correct. 

Mr. Sisk. Are there any further questions on the Delta before we 
leave that? I think we pretty well finished our discussions and are 
ready to take up the Vega. 

Mr. Gueason. Page 189. 

Mr. Sisk. All right. You have no request, Mr. Horner, for Vega. 
Of course, we understand that program has been canceled. 

Are there any questions on the cancellation of Vega that anyone 
would like to ask for further clarification from these people? 

I will ask one question. What was the total expenditure on Vega 
up to the time of cancellation? 

Mr. Horner. We had a total obligation, Mr. Sisk, a cancellation of 
approximately $17 million, plus a couple hundred thousand. Of that 
sbligation, $7 million was obligated to Convair and about $514 million 
was obligated to General Electric for the engine. 

Most of the balance was to the Jet Propulsion Laboratory. W: 
of course, have started contract termination proceedings, and we wil 
recoup some of that money. How much it is difficult to say at this 
time. I can assure you that it will be in excess of a million dollars, 
and it might be quite a bit in excess of a million dollars, but it de- 
pends upon the final audit and the final contract termination negotia- 
tion. 

Mr. Sisk. You mean we probably will not be able to recoup more 
than, say, a million or a couple million dollars out of $17 million ? 

Mr. Horner. No, sir. The reason I-—— 

Mr. Sisk. I just want to be clear in my own mind as to what you 
are saying. 

Mr. Horner. The reason I mention a million dollars is that is the 
amount we have already been advised by the procurement authorities 
who are handling this program may be deobligated. In other words, 
we can now feel free to use that money for other purposes. This is 
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a process which is always conservative because, of course, the procure. 
ment authorities who are doing the termination negotiation myst 
reserve enough money to cover any contingencies. 

There will, I am sure, be some recovery above that figure. It jg 
quite speculative to say how much at this time. 

Mr. Sisk. Well, actually, I was just trying to get a comparison here 
on the amount of money that had been spent in 1959 and 1960 on the 
Vega, as compared to some of these others. You actually asked for 
more money for Vega in 1959 than you had for the Delta. I belieye 
that is right. ) 

Well, I think, so far as that goes, you pretty well discuss the 
reasons. I suppose it is one of those questions which it is a little 
difficult to determine. Some of that, of course, in addition to this 
so-called direct recovery is—Did I not understand from our posture 
hearings that some of that will be recoverable from the standpoint 
of some usefulness and the R. & D. research, and so on, which will be 
applicable to other programs ¢ 

Mr. Horner. There is a very large payoff, in the sense of tech- 
nological advance, that has been made in the Vega program, which 
will be useful to other programs. For example, a large percentage of 
the money at the Jet Propulsion Laboratory was being invested in 
the development of a storable fuels top-stage engine for the Vega. 
We are carrying on this development as a desirable capability in 
space propulsion. So in a sense the money that was invested in that 
engine is now a part of our program that is no longer chargeable to 
Vega, of course. 

There is also another indirect payoff in that the Vega upper stage 
was being engineered by Convair, which also has the engineeri 
responsibility for Centaur. Many of the developments—much of the 
development activity that was being carried out at Convair does have 
an interconnection with the Centaur work in the same company, and 
the Centaur was benefited from that work. 

Mr. Sisx. Let us move on, then, Mr. Horner, to the Centaur. 

Mr. Hines, do you have a question ? 

Mr. Htnes. I would assume, and correct me if I am wrong, Mr. 
Horner, that the gain you got from Vega as applied to Centaur would 
be reflected in budget: appropriations for Centaur—not definable, not 
discernible, but would be apparent ? 

Mr. Horner. This is certainly already true in the year 1960 ex- 
penditures on the Centaur. 

Mr. Hines. One other question. You use the term “storable fuels” 
in the same sense the Armed Forces do, that is, long-term standby. 
If I may answer my own question, that would mean storable just Jong 
enough to be utilized for that special flight, and that is all. 

Mr. Horner. Well, just to avoid confusion, we use the term “stor- 
able” to mean non-criogenic, and that is the same sense that the De- 
partment of Defense uses it. 

a Hives. You don’t apply a long storage in a warehouse some 
place? 

Mr. Horner. No, not a long shelf life in that sense. 

However, the constraining characteristics of storable fuel are 
probably ascertainable by the storable life in actual space missions, 
where it will be necessary to have long storable life on a specific space 


mi 

] 
to’ 
] 
ne 
dis 
] 
fol 
reg 
da: 
iti 
ser 
F- 
ch 
19: 
su 
De 

fe 

A 
ar 
re 
M 
C 
D 
re 
P 
n 

h 

i 

y 

t 


1961 NASA AUTHORIZATION 347 


mission, while the vehicle is traveling from the earth to some deep 
ace objective. 
Mr. Hines. Thank you. That is all. 
Mr. Sisk. By the way, are there any other questions before we go 
to Centaur ? 
If not, I have a short statement here to clarify—I am sorry, I 
neglected to do this when I convened the committee—to clarify the 
discussion we had Or 
Mr. Horner, I will yield to you at the end of this short statement 
for any comment you would care to make. This is on that record 
regarding the priority on the F-1 engine which we discussed yester- 
day. I will give this statement to you, Mr. Reporter. I am making 
it in order to clarify the record. 
We discussed yesterday, you remember, at some length with what 
sense of urgency—or lack of urgency—NASA has approached the 
F-1 project for the development of a 114-million-pound-thrust, single- 
chamber rocket engine. 
NASA began operations as an independent agency on October 1, 
1958. It considered both the F-1 project and Project Mercury of 
such great importance that on November 14, 1958 it requested of the 
Department of Defense that a DX priority—the highest national 
riority—be assigned to both Project Mercury and the F-1 program. 
owever, this priority was not assigned by the Department of De- 
fense and the matter was subsequently taken up with the National 
Aeronautics and Space Council. On December 3, 1958, the Space 
Council rejected both requests for a DX priority for Project Mercury 
and the F-1 program. 
On December 9, 1958, the Civilian-Military Liaison Committee 
recommended to NASA and the Department of Defense that Project 
Mercury be given top priority. It was the consensus of the Liaison 
Committee at the time that the F-1 project would be assigned a lower 
riority. 
f Present at this meeting, at which it was apparently agreed not to 

ress again for a DX rating for the F-1 project, were the following 
NASA officials: Abe Silverstein, Homer J. Stewart, Ira H. Abbott, 
DeMarquis Wyatt, and Abraham Hyatt. The Liaison Committee 
recommendation was subsequently transmitted to the Space Council. 

On April 27, 1959, the Space Council approved a DX rating for 
Project Mercury. On April 30, 1959, the Department of Defense was 
notified of the Space Council’s action. On May 5, 1959, the Depart- 
ment of Defense assigned a DX priority to Project Mercury. 

If any of that is incorrect, although I think it is correet, I would 
like to have your comment. 

If you prefer not to comment until you look these dates over, I will 
be very happy if you want to make a comment later, Mr. Horner. I 
wanted to get that into the record in view of the discussion we had 
yesterday in regard to the procedure with reference to the priority on 
the F-1 engine. 

(The information requested is as follows :) 
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STATEMENT BY NATIONAL AERONAUTICS AND SPACE ADMINISTRATION ON Prrorrrigg 
FOR THE F-] ENGINE AND PROJECT MERCURY 


On October 14, 1958, a letter was received by NASA from the Office of the 
Assistant Secretary of Defense, Supply and Logistics, which invited NASA to 
submit nominations for the Department of Defense master urgency list for 
ealendar year 1959. In response, on November 14, 1958, NASA requested that 
two projects, the manned satellite and the 114-million-pound-thrust engine, pe 
placed in the Brick Bat .01 category of the Department of Defense master urgency 
list. The Brick Bat .01 category in the master urgency list corresponds to the 
DX category in the industrial priority system established under the Defense 
Production Act. 

Subsequently, on December 3, 1958, NASA reported the request referred to 
above to the President and the National Aeronautics and Space Council. Ag an 
outcome of the discussion which followed the report of NASA’s request to the 
Department of Defense, it was mutually agreed and decided not to pursue the 
NASA request for the .01 priority on the projects until they could be clesely 
monitored by both NASA and the Department of Defense to determine if any 
delays were encountered in either program which could be attributed to the 
lack of a .01 or DX priority. It was further agreed that additions to the Dx 
eategory should be made only where delays were beginning to develop in order 
to minimize the dilution of the effectiveness of that list. In the meantime, the 
Secretary of Defense offered expediting assistance to avoid any particular bottle. 
necks which might develop. 

During the next 3 m«nths, both programs were treated as high priority within 
NASA and DOD and closely scrutinized to determine whether any delays were 
attributable to difficulties in the allocation of materials or coordination of in. 
dustrial facilities. At no time during this period was there any evidence that 
delays were due to the lack of a DX priority; however, in March, evidence began 
to accumulate p*inting to a need for the higher priority on the manned satellite 
program if material and equipment supply difficulties were to be avoided. There 
was not at that time, nor is there now. evidence that the 1500—-K engine project 
has been delayed by the lack of the highest national priority. 

Subsequently, with the support of the Department of Defense, NASA initiated 
a request for a DX priority on Project Mercury to the President. The President 
approved the DX priority for Project Mereury on April 27, 1959. 

Following this, notification of the Presivent's decision was sent to appropriate 
parties on April 30. 1959. On May 4. 1959, NASA was informed by DOD that 
the manned satellite program was listed in the DOD master urgency list as 
having a Brick Bat .01 priority rating. 

It should be noted that neither project was ever rejected for a DX priority 
rating or for inclusion in the .01 priority category of the master urgency list. 
Rather, as I have noted above, a period of clese monitoring of possible delays was 
agreed desirable to validate the real need for the DX priority rating. 

As NASA officials have assured the committee in the past, when evidence ap 
pears thot significant industrial production problems are identified as resulting 
from difficulties in acquiring material, equipment, or industrial support, the 
question of a DX priority for the 1500-K engine project and the justification 
for the priority, will be taken up with the President. 


Now, let us proceed to the discussion on Centaur. This happens 
to be one of the large items in the portion of the budget which we 
are considering. 

You are requesting $47 million. Right? 

Mr. Horner. Yes, sir. 

Mr. Sisx. Did you want to make any particular comment on this 
figure now, Mr. Horner? 

r. Horner. I don’t have substantial additional information to 
offer over that that is provided in the budget backup book, Mr. Sisk, 
except to say that we view Centaur as a very important step in the 
advancement of our space vehicle capability. 

It will be the first vehicle which we will fly in our space exploration 
program which produces a weight lifting capability that is eubstan- 
tially greater than that which has been shown as yet by the U.S.S.R. 
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This is of some importance in itself. It is also important in that it 
rovides us the capability to do some space exploration missions, 
which we will not be able to attempt with a lesser weight lifting 
capability. 

or example, this vehicle produces a weight in space which will 

rmit a useful space craft on a 24-hour orbit. It will also permit a 
soft landing on the moon. : 

A lesser payload does not permit a substantially useful spacecraft in 
either of those two missions. 

Mr. Sisk. Are there any questions ¢ 

Mr. Roush, do you have any questions on the Centaur program ? 

Mr. Rous. I would like to know a little bit more on how these 
figures are broken down. I see on the next page a breakdown, but, 
for example, procurement of booster vehicles, $6,500,000, then the large 
figure 3914 million, ; 

Can you tell me a little more / 

Mr. Horner. Yes, I would like to discuss each one of those a little 
it. 

The booster vehicle for the Centaur, of course, is the Atlas. The 
money which you see under the procurement of booster vehicles, 
$614 million, is specifically for the incremental funding of the Atlas 
first stages that will be used in the Centaur research and development 
program. ‘That is the purchase of the first six Centaur flights. 

As I mentioned, this is an incremental funding approach. We do 
not pay for all of the booster vehicle required in any one year, but 
we provide money to the contract as required by the contractor. 

The next line item 

Mr, Rovsu. Before you go to the next one, may I ask a question 
on this one ¢ 

Mr. Horner. Surely. 

Mr. Rousu. Is this money paid directly to the contractor or to the 
Air Force ¢ 

Mr. Horner. We provide the money through the ballistic missile 
division of the Air Force, who is the contractor—who is the Govern- 
ment agency that is contracting for these particular vehicles in sup- 
port of the ballistic missile program. 

It would be very difficult for us in NASA to contract directly with 
Convair because we would be impinging on a production line which 
has to be very carefully scheduled. We find it is most satisfactory to 
contract through the Air Force so that we have one Government agent 
doing business with the contractors from every point of view—cost 
control, materials control, quality control—from every important 
aspect. It is far better to do this through the other Government 
contracting agency than it would be for us to contract directly with 
the industry. 

Mr. Rousu. All right. 

Mr. Horner. If I may go on, then, the next item of $3914 million is 
for the development and procurement of test quantities of both the 
second stage vehicle and its engine. 

The second stage vehicle is under procurement also from Convair. 
It has to mate directly, of course, with the top of the Atlas missile. 
It has to feed guidance signals from this second stage into the control 
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system of the first stage, and it really is the logical source for the 
second stage vehicle. 

The engine on the other hand is a new engine in terms of rocket 
propulsion techniques, in that it uses liquid hydrogen as a fuel. It jg 
the first engine—first, the rocket engine development we have had jp 
the United States using liquid hydrogen. It is being developed by the 
Florida Division of Pratt & Whitney, which in turn is a division of 
United Aircraft, as you know. 

The money you see there provides for the development of the engine, 
its testing to a flight-rated status, and suflicient experimental engines 
to provide for the experimental flights, again six of them. 

Now, I would note here, as I have before, that each vehicle has two 
engines. It is a twin-engine vehicle. Here, again, we are contracti 
through the Air Force as our agent, because the facility is under the 
jurisdiction, the plant cognizance, of the Air Force. This was a de. 
velopment that was underway in the Air Force when NASA came 
into being. 

The last line of a million dollars is our first stated requirement to 
support the actual launch operations at Cape Canaveral. This will 
buy the personnel from the contractors involved, not only the prime 
contractors of Convair and Pratt & Whitney, but representatives from 
other contractors for skills such as guidance, or any other ancilla 
equipment to actually perform the services necessary to the launching, 

Mr. Rousu. How many launches are planned for this particular 
time period ? 

Mr. Horner. In this particular time period I think we are talking 
about two launches, but I would have to check the books to be sure, — 

Mr. Wyarr. 1961, one launch. 

Mr. Rovusu. It will take a million dollars for launching one 
vehicle? 

Mr. Horner. This, of course, is a continuous process. Once we 
have the launch crews on station down there, we have to pay this 
bill. 

Now, the first launching is going to be more expensive than fol- 
low-on launches, because these crews have to prepare the test stands, 
the first job of mating the vehicle with the stand is the most difficult 
job, because all of the ground servicing equipment has to be adjusted 
to fit the particular vehicle. It always takes longer to launch the 
first vehicle. 

I believe for this first vehicle we have allowed for example a pe- 
riod of 3 months for the vehicle to be at the launch site before 
it is launched. This is just a process of learning all of the difficulties 
that we have to overcome before we have a well-functioning launch 
crew. 

Mr. Rovusn. Where is this first launch to go?’ What is the nature of 
it? The reason I ask that, I was wondering if it is of the type that 
should require and perhaps does have a backup vehicle? 

Mr. Horner. Well, it certainly does have a backup vehicle in terms 
of the fact that we have both or are buying six vehicles to do the 
early vehicle research and development. We plan on launching these 
just as rapidly as we can and still assimulate the data that we get 
from each flight into engineering changes that are necessary on the 
follow-on vehicles. 
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So in the sense that we will have two vehicles on the stand, one 
of which can be used as a backup in case the other one has trouble, 
we cannot have a backup like that in a vehicle research and develop- 
ment program, because, you see, it would not be useful to fire the 
second one until we have incorporated what we have learned on the 
first firing into the second vehicle. 

In terms of having a second vehicle available to overcome the dif- 
ficulties we encounter on the first one, we do have a backup vehicle. 

Now, we are always troubled with the question of how much money 
should we invest in a payload on an experimental vehicle, because 
we must recognize that the reliability of the first vehicle is not going 
to be very high, and so we don’t want to invest too much money in a 

ayload. On the other hand, if it should fly successfully we would 
certainly want to get the maximum amount of data return out of it. 

We will, as a payload in this first vehicle, have a very substantial 
amount of instrumentation to tell us what is occurring in the vehicle— 
that is, research and development instrumentation. 

We also provide an embryonic—a rather crude scientific payload, 
which we can fabricate without too much expense, and which we 
can reproduce without too much expense if we should have a develop- 
ment problem which results in a disastrous test. 

Mr. Rousu. I have no further questions, Mr. Chairman. 

Mr. Sisk. Mr. McDonough. 

Mr. McDonovueu. Mr. Horner, will you inform us what a 24-hour 
orbit means’ Is that a static position to go with the earth ? 

Mr. Horner. Yes, sir. That is an orbit at such an altitude from 
the earth’s center that the rate of rotation—that the period of the 
orbit is exactly 24 hours, which, of course, is the rotational time for 
the earth, and as a result the satellite appears to stay in the same posi- 
tion, the same place, over a single point on the earth’s surface, and, 
of course, this can be accomplished only at the equator. 

Mr. McDonouau. In other words, that satellite flies at a slower 
rate of speed than the average satellite we have been shooting ? 

Mr. Yes. 

Mr. McDonovucu. It travels at 1,100 miles an hour? 

Mr. Hyarr. No, it is faster than that. 

Mr. Horner. It is much faster than that, because the radius is 
much longer. 

Mr. McDonoveu. The radius is larger, that is right. But it is cer- 
tainly not an 18,000-mile-an-hour orbit ? 

Mr. Hyarr. It is nearer 7,000. 

Mr. McDonoveu. Seven thousand? 

Mr, Hyarr. Yes. 

Mr. McDonoucu. This is the first type engine that we have de- 
veloped for a 24-hour orbit ? 

Mr. Horner. This constitutes the first engine which will provide 
sufficient load-lifting capability that we can place in an orbit this 
high above the earth a payload that is useful at that distance. 

r, McDonoucu. How are you going to control the speed to keep 
ittraveling at less than 16,000 miles an hour? 

Mr. Horner. Even at that speed it is still faster than the speed 
that is naturally provided the satellite by the earth’s rotation. 
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To actually produce a satellite at this position it is a very complex 
guidance and propulsion problem in that in firing the satellite from 
the east coast of the United States we first have to put the satellite 
in a stable orbit around the earth at some lower altitude. We then 
have to, at the equator, change the direction of flight of that satellite 
which requires very considerable energy, so that it does stay in the 
equatorial plane. Then we have to provide additional energy go 
that apogee of the elipse which results from this acceleration og. 
curs at the altitude of the 24-hour satellite, and when it reaches that 
apogee we then have to give it another kick so that it will attain the 
velocity which will just match the rotation of the earth. 

Mr. McDonovucn. Now, once you have accomplished that, what ig 
the life of this satellite in orbit? 

Mr. Horner. Almost indefinite. It will diverge from that orbit 
only by the rather obscure forces of the aitraction of the moon, the 
eccentricities that are provided by other very low level gravitational 
fields, and such forces as the pressure of solar radiation. 

To the best of our theoretical knowledge, these forces are not great 
enough to disturb the path of the satellite very much in any Finite 
time period, and therefore the life of the satellite is very long. 

Mr. McDonovucnu. We can imagine this satellite as being an exten- 
sion from a certain fixed position on the earth and it travels at that 
speed all the time, right around with the earth ? 

Mr. Horner. It stays on an extension of the same earth radii con- 
stantly to the extent that it is not disturbed by the other forces I have 
mentioned. 

Mr. McDonoveu. You speak about the reliability of the first shot, 
which, of course, is something nobody can anticipate. 

Up to now, what have you found are the weakest points in the 
failures that have occurred in launching satellites into orbit? What 
are the things that you would look for as being the first thing to go 
wrong ? 

Ming Horner. Mr. McDonough, I would hesitate to point out the 
weakest points. I would mention several difficulties that have oc- 
curred approximately with equal frequency, one of which, of course, 
is the propulsion system considered as a whole. We have had very 
few failures after a rocket engine is properly ignited and comes up to 
full thrust in the engine proper, but there have been several failures 
in valves, in plumbing, and the connecting equipment of the propul- 
sion system which have resulted in failure to orbit, for example. 

There have been a few cases where the propulsion system has failed 
to produce the total impulse—that is, the total trust times the time 
that was planned, and because the satellite was planned to take ad- 
vantage of the total impulse an adequate velocity was then not at- 
tained to keep the satellite in orbit, and it fell back into the earth’s 
atmosphere. 

I think that probably the next category of happenings which have 
most frequently resulted in failures has been related to the guidance 
system. Now, this has run the gamut of failures of actual components 
in guidance systems which have in turn resulted in the destruction of 
a missile either because it went out of control, or because it diverted 
from a safe track and had to be destroyed by the range to such hap- 
penings as in some of our satellites we in the final stages depend upon 
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a form of attitude stabilization which we call spin stabilization. This 
involves simply spinning up the final stages when they are properly 

inted, and then firing the propulsion system and just like a rifle 
ullet they are stabilized in direction by the spinning action. 

In doing this we have had cases where the final stage, after it is 
roperly pointed, runs into some disturbing influence which types it 
off, either before it is spun or during the spinup, and therefore it is 

inted in the wrong direction, and most frequently, of course, either 

inted downward toward the earth’s atmosphere, or pointed too high, 
and in either case it will not attain enough velocity to go into orbit. 

Now, this, as I would hasten to point out, is a rather embryonic 
method of guidance. We have used it simply because we have not 
had the total weight-lifting capacity in many cases which permits 
us to put a more sophisticated kind of guidance in the final stages. By 
amore sophisticated kind of guidance, I mean inertial or radial con- 
trol of the direction point. 

In vehicles such as the Centaur, we will have this capacity, we will 
have in the final stage a direct control guidance system, so we will not 
have this kind of difficulty. 

There have been, I recall one or two failures because of structural 
failures, but in the whole you can relate most of our failures either 
to propulsion or to guidance. 

Mr. McDonovucu. When you find there is some effect that has 
caused it to go out of control, and it is exploded, how do you know 
what it is that caused the defect since you explode the entire vehicle? 
Once it is shattered, it is very difficult to recover it and put in to- 
gether again to find out what went wrong. 

Mr. Horner. Almost all of the diagnostic work in such case is de- 

ndent upon telemetered records which are radioed back to the 
aunch site, and which are analyzed very carefully. I think we have 
had in the Nation a remarkably good record of being able to diagnose 
the difficulties that were encountered, take corrective action, and not 
have that specific difficulty the second and third time. 

Mr. McDonovcu. What was the defect in the Discovery shot that 
failed at Vandenberg last week or two ? 

Mr. Horner. I am not in a very good position to discuss that simply 
because that is a defense program. I would not like to talk about it 
in Open session. 

Mr. McDonovau. Now, you said a million dollars is for the crew. 
Do you have the same crew coming from the contractors out of the 
launching site? Do you have that same obligation in other launch- 
ings for other vehicles ? 

Mr. Horner. In other vehicle programs we have. We have a line 
item for the support of launchings. 

Mr. McDonovueu. This is the first one I noticed in this backup work- 
book. In the other I didn’t see any. 

Mr. Horner. In the Delta, for example, on page 188, we have in 
this year’s account, range and launching services, and shipping costs, 
$2,300,000. 

I think you will find, Mr. McDonough, there is such coverage in all 
of the programs where it is required in this particular time period. 

Mr.McDonoven. That is all [ have right now. 

Mr. Rreutman. Could I ask one question at that point? 
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Mr. Sisk. Yes, go ahead. 

Mr. Rirutman. If you were to continue the same program and 
you are going to have, we will say, six firings, you can use the same 
crew and the same equipment that you have so that there isn’t any 
duplication there. Am I correct in that, on this particular firing? 

Mr. Horner. That is correct, Mr. Riehlman. 

As a matter of fact, we go to a great deal of care not to even have 
duplication amongst the individuals at the launch site, and I cap 
afford you an example. We will have at the Atlantic Missile Ran 
during this time period, launchings of several different kinda 
vehicles based on the Atlas as a first stage. The Atlas as a first 
stage requires the launching services of Convair. We will have 
interchange of the Convair crew betwen these different kinds of ye. 
hicles in order to get the maximum utility out of the crew that is 
there. 

The reason for this is that many of our space launchings are quite 
far apart in time in order to afford us a proper opportunity to get 
the maximum benefit out of each launching. One crew can make 
more than a launch every 3 months, so that we can use that same crew 
in some cases on different vehicles. 

Mr. Rrestman. On different projects, yes. 

Mr. Sisk. If the gentleman from New York desires other ques- 
tions, go ahead. 

Mr. Rrentman. I lost my thought here. 

Go ahead with Mr. Morris. 

Mr. Sisx. The gentleman from New Mexico. 

Mr. Morris. I have no questions, Mr. Chairman. 

Mr. Sisk. While Mr. Riehlman is checking up on his questions, 
Mr. Hines has a question. 

Mr. Hines. This is a question of academic interest. 

You say the satellite will stay in one point in an equatorial plane, 
Would it shoot the position to the mobiling of the earth’s axis? 

Mr. Horner. There undoubtedly will be some random movement 
of such a satellite, and to take care of that we do provide in the space- 
craft itself a low-level propulsion system for what we call “orbit 
adjustment.” I am sure this is going to be essential to keep it in 
proper position. 

I would like to point out that it will stay in one point only over the 
equator. If it is north or south of the equator, as the earth rotates, 
because of the angularity of the earth’s axis, it will process north and 
south. 

Mr. Hives. It has that capability ? 

Mr. Horner. It is absolutely essential. 

Mr. Rrentman. Mr. Chairman, I have one or two questions. 

At the close of the statement here you say that the final design of 
the Centaur powerplant in the second stage will be completed and 
flight-test programs will be started during the fiscal year 1961. 

You have scheduled six firings, am I correct, and one of them will 
start in 1961? 

Mr. Horner. Actually, there is only one. It is currently sched- 
uled, I believe, in June, which is the last month of fiscal year 1961, 
but, of course, we do have to make some investments in order to keep 
that schedule. 
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Mr. Rreuitman. Well, now, in your previous statement you said that 
the Centaur would have the thrust to make a soft landing on the moon. 
Am I correct in that? 

Mr. Horner. That is correct; yes, sir. 

Mr. RieutmMan. Will this be used for that purpose? 

Mr. Horner. It is our intention to provide with the Centaur vehicle 
a spacecraft which will soft-land instruments on the moon. 

Mr. RreuuMaAn. Yes, that is what I wanted to know. 

Do you have a time date on that that can be given, or a schedule 
at all ? 

Mr. Horner. It is in the 1962 time period. 

Mr. Wyarr. Fiscal year 1963 time period. 

Mr. Horner. I think it is the last half of calendar year 1962. 

Mr. Wyarr. It would be the first half calendar year 1963. 

Mr. Sisk. Pardon me, which would actually be in the calendar year 
1962 

Mr. Wyatt. The first half of calendar year 1963, which is the last 
half of fiscal year 1963. 

Mr. Horner. I was wrong in saying 1962. 

Mr. Sisk. Oh, in the calendar year 1963. It is that far away? 

Mr. Wyatt. Yes, sir. 

Mr. Rieutman. Those are all the questions I have, Mr. Chairman. 

Mr. Sisk. Mr. Wilcove. 

Mr. Wicove. Mr. Horner, could you give me an estimate of the total 
cost of the program ¢ 

Mr. Horner. I wonder if you could define it. Do you mean the total 
cost of the development program ¢ 

Mr. Witcove. Yes. Will you need additional funds in 1962, for 
example ? 

Mr. Horner. Yes, we would. 

Mr. Sisk. If I might comment 

Mr. Horner. It is going to be on the order, I believe, of $120 mil- 
lion to finish up the development of the Centaur. 

Mr. Witcove. Is that the total? 

Mr. Horner. Through what we are presently calling the develop- 
ment program. 

Mr. Sisk. If I could clarify. What I think Mr. Wilcove has in 
mind, maybe, is the cost of it. We were talking about the cost on Scout 
the other day. We are talking about what it costs to buy a Delta. 
What is it going to cost to buy a Centaur ? 

Mr. Horner. A single Centaur vehicle? 

Mr. Sisk. No, I was not thinking about that. You are certainly 
poing to have a number of vehicles, because you are going to have to 

ave backup vehicles. In other words, does NASA have any figures on 
the overall buying cost of Centaur as a vehicle to complete and actually 
put it to the position of what you might call operational, using the 
military language ¢ 

Mr. Horner. All right, sir, may I define my terms? We don’t 
really have enough experience yet to say with confidence when a 
vehicle is operational, when it has completed the development pro- 
gram, because, you see, in the final analysis this depends on reliabil- 
ity, and how well we do in producing a reliable vehicle. 
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We have estimated that it will take at least six development vehicles 
before we can consider the vehicle as operationally ready to take g 
full investment of a payload. On the other seer f as I said preyi. 
ously, we will have some you might say operational utilization of 
these first six vehicles, too. 

We estimate that it will take for the vehicles through these first six 
shots, $120 million. In this time period, of course, we will have some 
additional investment in the payloads that we put on these first six 
vehicles and, of course, we will have to make long leadtime investments 
for vehicles beyond the first six. 

Whether or not you say the seventh vehicle is operational or not 
depends almost entirely on the definition you give the operational 
vehicle in the terms of the reliability you might expect. 

Our history has been the more vehicles you fire the more reliable 
they become. 

Mr. Sisk. If I might interrupt you there, Mr. Horner. For exam. 
ple, the other day in Dr. von Braun’s discussion before the commit- 
tee—I think you were there, were you not ? 

Mr. Horner. Yes, sir. 

Mr. Sisk. He discussed at some length the Saturn, and I am 
anxious to get to your presentation here, because I see you have some 
material here on Saturn. He talked about, I think, and used as 
figure, the 11th vehicle, if I am not mistaken. He said, all right, and, 
of course, certainly your whole program in a sense is research and de- 
velopment, because this is a scientific experiment proposition from 
start to finish, anyway. 

Apparently he used in that instance a cutoff by saying with the 11th 
vehicle we will do the ultimate we expect to do with this particular 
piece of equipment. That was my understanding. 

Now, I was trying to apply 

Mr. McDonoven. That was Saturn he was talking about. 

Mr. Sisk. I mean Saturn. 

Mr. Horner. Saturn was my understanding. 

Mr. Sisk. Yes, when Dr. von Braun was testifying. I was trying 
to use that same yardstick to apply to Centaur. Maybe you can’t 
use ‘~ yardstick, I don’t know, but that was the yardstick I had in 
mind. 

Mr. Horner. In a sense you can use that yardstick. We have been 
speaking of the 7th vehicle in the terms that Dr. von Braun was 
speaking of the 11th vehicle. All of these programs are different. 

For example, in the seventh vehicle we do not expect to attain 
the 24-hour orbit yet, and there will be further development required 
in order to attain with confidence the 24-hour orbit, because it is a 
very complex mission. It is one of the most complex missions we 
have to undertake. 

Mr. McDonoven. Will the gentleman yield there ? 

Mr. Sisx. Yes, go ahead. 

Mr. McDonoven. Well, now, we speak about each one of these 
projects as being individual in its many aspects of reliability, and 
the engine payload and the various stages. What I am trying to 
resolve in my own mind is this: Don’t we learn by experience from 
all of the other projects certain things to correct in any one that we 
are operating on? In other words, Centaur is not so completely new 
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that nothing like this has ever been done before, except that it is a 
94-hour orbit vehicle. 

Now, what is the difference? You say, well, the liquid hydrogen 
ig another new feature of it, but it is a satellite put into orbit by a 
rocket engine. Rocket engines—we know what rocket engines are, 
we have had enough experience with them. 

Don’t we learn from the other projects some of the errors that may 
creep into the one we are working on? 

Mr. Horner. We certainly do. 

There is a great deal of coupling between all of these projects. 
There is, for example, in the Saturn and the Centaur a direct rela- 
tionship in the actual hardware, because the upper stage of the Cen- 
taur—that is the liquid hydrogen stage, that goes on top of the Atlas, 
is also being used as the third stage of the first version of the Saturn. 

Now, because it is going on the Saturn, and because it will take 

eatly increased payloads, there have to be some modifications to it. 
But it is important to note that it will be done by the same contractor, 
by the same people. It uses substantially the same engine, although 
it, too, will be uprated, and there will be a great deal of crossfeed 
between the Centaur and the Saturn. 

Mr. McDonovucu. However, up to now we have not shot either one 
of them 

Mr. Horner. The only thing that has actually been shot in con- 
nection with either of these two vehicles is effectively the first stage of 
the Centaur, which is the Atlas intercontinental ballistics missile. 

Mr. McDonoven. Do we consider that to the point of reliability 
at the present time ? 

Mr. Horner. Of course, we could be nothing but satisfied with the 
most recent performance of the Atlas. I think there have been a 
total of 19 shots of the Atlas that have been completely successful 
without a single failure. We would be hard put to describe a more 
reliable device. 

I feel certain that there will be additional failures at some point 
along the line. 

Mr. Rieutman. We have not anything more reliable, have we? 

Mr. Horner. No, sir. I do not see how anything can be more 
reliable than that at the present time. 

Mr. McDonovucu. What else do we have in the status of reliability 
in addition to the Atlas? 

Mr. Horner. Well, of course, in that size, that is the only device we 
have at this time. The next size down is the IRBM size, which is 
a single rocket engine first stage, in which we have both the Thor 
and the Jupiter. 

They, too, have both been very realiable. 

Mr. McDonougu. Then our problems are largely on the second and 
third stages? 

Mr. Horner. On upper stages, that is very true. 

Mr. McDonoucu. Where our experimental work is being done 
at the present time? 

Mr. Horner. Well, that is true with the exception of Saturn, of 
course, in which we are doing a great deal of work on the first stage, 
and of course we have engine development such as the F-1, which 
are designed for first-stage utilization. 
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Mr. Sisx. Mr. Wilcove. 

Mr. Witcove. Then the research and development rogram, in- 
cluding the cost of the six vehicles, is a total of $120 million. Is that 
correct 

Mr. Horner. Yes, and I would just like to emphasize that is g 
rather arbitrary boundary. We will have research and development 
going on after that. 

Mr. Witcove. The seventh vehicle, assuming it is operational—et 
us call it operational—will be when? What time would you estimate? 

Mr. Horner. The second half of calendar year 1962, the first half 
of fiscal year 1963. 

Mr. Wixcove. How many companies are involved in the contract— 
in the program, rather? 

Mr. Horner. Centaur? 

Mr. Wixcove. Yes. 

Mr. Horner. I could not test my memory to call out all of them. 

Mr. Wucove. Who are the major contractors ? 

Mr. Horner. The major contractors are Convair on the stage strue- 
ture, Pratt & Whitney on the engine, Minneapolis-Honeywell on the 
or have the jet propulsion laboratory working on space 
crait. 

I think that covers the major contractors. There are, of course, 
numerous subcontractors. 

Mr. Witcove. Pratt & Whitney is working on the engine? 

Mr. Horner. Yes. 

Mr. Witcove. Would a substantial part of the $120 million go to 
Pratt & Whitney? 

Mr. Horner. It is a very substantial fraction. 

Mr. Wircove. Do you have an estimate of how much it would be? 

Mr. Horner. It is on the order of one-fourth to one-third. 

Mr. Witcove. You can correct your figures later for the record 
if you care. 

Mr. Sisk. Oh, yes, sir. I realize some of these are speculative, 
because these are questions that you probably were not expecting. 
If you can correct them more nearly to exact amounts, you will be 
given that opportunity, I am sure, for the record. 

Mr. Horner. I do have one other difficulty, Mr. Chairman. 

When it comes to stipulating precise amounts that we have planned 
to go to specific components of American industry, I would rather not 
have that in the open record, because it does become a problem to us 
in our negotiating posture of follow-on contracts. 

Mr. Sisk. I can understand your problem there. I think it might 
be just as well if you could speak in percentages, of course, as nearly 
as possible, and give us as accurate percentages on an estimated basis. 
That would probably be all right. I think that would keep you off the 
hook, would it not? 

Mr. Horner. Yes, sir; if we can speak in broad terms. 

Mr. Sisk. Well, that is what I mean. In other words, we are taking 
a figure here of $120 million. As I understand Mr. Wilcove’s state- 
ment, it is about what percentage of that is engines, and what per- 
centage is going to be other types of hardware and problems, such 
as guidance, and so on. 
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It seems to me that you should not have too much of a problem of 
at least pinning down fairly reasonably the percentage figures on 


a Horner. All right, sir. 

Mr. Sisk. Is that all? 

Mr. Witcove. That is all. 

Mr. Sisk. All right. 

Are there any other questions now on Centaur ? 

I think we have gotten pretty 

Mr. Wixcove. Excuse me, Mr. Chairman, one other question. 

You have through 1961 a total of $88 million, including the full 
amount for 1961, if authorized and appropriated. 

That would leave about $32 million to finance the program. Do 

ou plan to ask for that amount for 1962? 

Mr. Horner. We will undoubtedly have to ask for more than that, 
Mr. Wilcove, because we will also need in fiscal year 1962 money for 
follow-on firings and even further development, in the fiscal year 
1963 time period, which will have to be covered—you see these will 
be requirements beyond the first six shots. 

Mr. Wivcove. Thank you. 

Mr. Sisk. All right. If there are no further questions on Centaur, 
Jet us move on now to Saturn. 

Actually, now, what we have here are two more programs. We 
have the Saturn program, which amounts to $134 million, and we 
have then the last program that we have to consider here, which is 
the tracking and data acquisition program for over $32 million. 

I had hoped we would get through the discussions of these two 
items today, but we may not. If not, we will have to continue 
tomorrow. 

Of course, I do not mean that we can conclude then. We still have 
to pass on these figures. It may not be we can move that rapidly. I 
do not know. We actually are going to have a hearing on Friday, 
Mr. Horner, because of our nuclear propulsion situation. We are 
going to hear the AEC witnesses Friday morning. I would imagine 
we would like to have you people available for Friday afternoon to 
review some of their testimony, because, based on my understanding 
of it, we would like to discuss what NASA is doing in this nuclear 
field due to some questions that have arisen. 

Let us go to Saturn now. I notice you have some material there. 
Did you want to go into a little further discussion on Saturn at this 
time ? 

Mr. Horner. We thought it might be useful, Mr. Chairman, to re- 
fresh your memory on some of the facts concerning the Saturn devel- 
opment program. 

I think most of the information that is shown on these charts has 
been given the committee in one form or another before, but it might 
be useful just to review it for a moment now as a prerequisite to your 
questions. 

Mr. Hyatt will undertake to do that. 

Mr. Sisk. Very well, Mr. Horner. Now, this is actually broken 
down into five specific amounts here, between development and fabri- 
cation of first stage, and then the upper stages, the guidance and 
emencation, ground service equipment, and then direct 
material. 
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Now, it is my understanding—and this is one thing I would like 
very much to have you comment on this afternoon—it is my undep. 
standing that shortly there is going to be a pretty substantial contragt 
coming up on this. Isn’t that true? 

Mr. Hyarr. Yes. 

Mr. Sisk. You are even now in preparation or asking for the out. 
lining of plans by the various companies, or offered proposals, 

Mr. Horner. We have asked proposals for a second stage for the 
Saturn vehicle to be delivered to us on the 29th of February. 

Mr. Sisk. That was my understanding. 

I do not wish for you to get into something here that might cause 
you a problem. I don’t know how many companies are going to be 
offering proposals. I don’t wish to tie your hands by something that 
you might say, but I would like as much information as we could 
with reference to the size of this contract and some of the things pos. 
sibly that may be involved in it. Because here again, I would ho 
you would have some comment looking ahead again to the ultimate 
cost overall of this package, whether it be the 7th vehicle or the 11th 
vehicle or the 27th or what it be. And I realize this is speculative 
to a large extent. But how much money overall are we talking about 
in the Saturn proposal or program ? 

Are we talking about a billion dollars? I can visualize where we 
might be, but I do not know. 

Mr. Horner. Yes, sir, we would be glad to address ourselves to 
those points. 

I wonder if it would be desirable first just to review the configura- 
tion and the schedule which is shown on these charts, then I will 
address myself specifically to the line items in the budget. 

Mr. RieuiMan. While you are making your presentation, the Dr, 
Von Braun group is in this program. 

Mr. Horner. They are. 

Mr. Rreniman. It would be helpful to know what portion of it 
they are going to carry out. 

Mr. Horner. I would be glad to. That is directly related to this 
question. 

Mr. Yes. 

Mr. Horner. Because we had at least one unique line item in this 
development, inasmuch as we do have a major fabricating effort 
going on within the Government facility. 

Then, if Mr. Hyatt might just review these charts. 

Mr. Hyarr. This first chart on the right (fig. 10), we will go 
through it quickly. It shows the Saturn configuration. 
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SATURN 
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Ficure 10 


The first stage has a cluster of eight engines. The engines are the 
same as a single engine of the Atlas type or the Thor IRBM. 

In this particular case they will be operating at a thrust of 165,000 

unds. 

The inner four engines are fixed, they do not move. The outer 
four engines are gimbaled and can move in any direction to provide 
the necessary control. 

The tankage is composed of eight outer tanks, which are modifica- 
tions of the Redstone missile tanks. The one inner tank is a modifi- 
cation of the Jupiter missile tank. 

Four outer tanks contain the kerosene and the inner tank plus the 
four remaining outer tanks contain the liquid oxygen. 

The total width of the first stage at the tanks is 22 feet. Its total 
height is about 80 feet. 

The second stage is the stage that Mr. Sisk asked about. 

Mr. McDonoven. The total height of the first stage is about 80 
feet. 

Mr. Hyarr. That is right. Then, of course, there is the interme- 
diate section that connects first stage to the second stage. That is 
that portion which is in black there on the chart. 

Now, the second stage is a liquid-oxygen, liquid-hydrogen fuel 
stage, and similarly the third stage has the same propellent. 

he second stage has four engines. These are engines that are de- 
velopments of the Centaur engine. They will be as nearly the same 
as we can make them, but they must be upgraded to have 20,000 pounds 
of thrust each, rather than 15,000 pounds that the Centaur has. 
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It is this stage that has now been placed before American industry 
for them to submit design proposals to design, develop, and construct 
it. 

The proposals from industry are due at the end of the working 
day of the 29th of February 1960. 

After these proposals are received, we will have a technical valua- 
tion team, and a business evaluation team analyze and assess the merits 
of the submitted proposals. After that, there will be a selection 
board, and then a winner will be chosen. Once a winner is chosen, 
a contract will be negotiated and he will proceed to design, develop 
and construct that stage. ; 

The third stage will be as similar to the Centaur second stage ag we 
can make it. It cannot be identical because the Centaur second sta 
can only carry a maximum load of some 9,000 pounds on top of it, 

This vehicle, in the three-stage configuration, will be able to put 
into a 300-mile orbit, as much as 28,000 or 30,000 pounds. 

Therefore, the Centaur second stage has to be strengthened in order 
to carry that load. 

The length of the second stage may be some 35 feet, and the length 
of the last stage some 30 or 35 feet, also. 

Overall, this vehicle may stand as much as 150 feet high. Its total 
initial takeoff weight may be as much as 1,100,000 pounds. 

I would also like to mention that the first stage is equipped with a 
recovery system. We would like to recover this stage for two reasons, 
We do not know at this time which one of these reasons will pre- 
dominate. One of the reasons is that if something goes wrong, we 
would like to be able to recover the stage, inspect it, and thereby cor- 
rect the deficiency more quickly than we can if we just telemeter the 
information. 

The second reason is strictly economical. It might be that because 
the costs of this stage are so great that we can recover it, refurbish 
it, and reuse it again. 

We do not know at this time that this will be feasible. However, it 
it worth making a try. 

Thus, the first stage is equipped with mechanisms and apparatus 
which, once it has completed its firing, it is separated from the rest 
of the vehicle, it drops back into the atmosphere and at a predeter- 
mined altitude parachutes open up and lower it slowly to the surface 
of the water. At that point some retrorockets are fired slowing it 
_ down almost to a stop, then it enters the water. We hope to have 
— special Navy craft that will come up alongside it and lift it 
aboard. 

Mr. McDonovucu. What elevation will it be when it has completed 
its firing ? 

Mr. Hyarr. Approximately 30 miles. 

This is a quick review of the actual configuration. 

The next chart. (fig. 11) I have explains the schedule. This is the 
same chart that Dr. von Braun showed to this group. The first black 
line indicates the schedule that was proposed when the 1961 appro- 
priations for—rather, 1961 request for funds for this program was 
$140 million. 
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SATURN SCHEDULE 


196i 1962 1963 | 1964 1965 
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R&D FIRINGS 
FIRST OPERATIONAL FIRING 


FY 60: 71.5M 
NEW 61 : 230 


R&D FIRINGS 
FIRST OPERATIONAL FIRING 


UD?! 60-148 


Figure 11 


As you see, that indicated one firing in calendar year 1961, two in 
1962, three in 1963, and four in 1964. Our 11th firing, which we 
have arbitrarily designated as operational, would have taken place 
in the first half of 1965. 

The President’s request to increase the funds for this program 
from $140 million to $280 million enables us time to reduce by a full 
year the firing of the 11th vehicle. So that now the schedule calls for 
still a fire firmg in 1961, three firings in 1962, five in 1963, and one 
inthe first quarter of 1964. 

In the development schedule shown here, for the first three missiles, 
only the first stage will be live, the upper two stages will be dummies. 

The next three firings, the first two stages will be live, and the third 
stage will be dummy. 

. Rd the last four firings, we hope, will be complete three-stage 
vehicles. 

Now, if I may have the next chart (fig. 12) before Mr. Horner 
answers the detailed questions, I will show the overall funding chart 
again that Dr. von Braun showed this group earlier. 


Figure 12—Saturn funding 


{In millions} 


1960 1961 
Construction and equipment 6,2 46. 5 
Research and development. 37.4 146.0 
71. 5 230. 0 
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As you see, the funds are divided into: Salaries and expenses, $37,5 
billion; construction and equipment, $46.5 million; research and de- 
velopment, $146 million. 

Let me just supply the identity of that $146 million as compared 
with the $134 million that is shown on page 194. 

In that $146 million is included the support of plant, some $11.8 
million which is shown on page 109 as a separate item in this book, 

On this chart (fig. 12) the two were combined. So that this is how 
the total of $230 million is broken down between salaries and expenses, 
construction and equipment, and research and development. 

Let me just cover very quickly for the information of the committee 
the construction and equipment funds. 

Included in that are a second test stand at Huntsville. Right now 
there are enough funds available to construct one test stand, The first 
stage will be placed into this test stand at Huntsville and all of the 
engines will be fired and checked out completely. They will not all be 
fired at once to begin with. We will start out by firing maybe one of 
the eight, then two, then four, then six, and assuming that we don’t 
run into any unusual difficulties we hope to complete a static firin 
with all engines operating at the same time by the end of April of this 

ear. 

Another test stand is being constructed there, because if we were to 
have an accident and blow up the one and only that is down there, it 
means a delay in the program of 1 year, because that is the minimum 
leadtime in order to construct another stand. 

Mr. Wixcove. Is that stand under construction now ? 

Mr. Hyarr. The first stand is almost completed, in fact it is com- 
pleted, but we are requesting additional funds to construct another 
one. 

Mr. Witcove. When do you plan to begin the construction if you 
get the money ? 

Mr. Hyarr. As soon asthe money is available. 

Mr. Sisk. They are included in the fund ? 

Mr. Hyarr. They are included in the fund. 

Mr. Wucove. That would be in July, then ? 

Mr. Hyarr. If the funds are available July 1 we will start. 

And then an additional big item in the construction funds is another 
launch complex at the Atlantic missile range. 

Right now, one is under construction, again, because of the im- 
portance of this program. We feel it is necessary to have two down 
there in case of an accident to one. Again we could be delayed froma 
year to 18 months or longer just waiting for a test stand to be built. 

So we are requesting funds to construct another one. 

Mr. Witcove. If you were to have an accident on your first test, 
your program would then be considerably delayed, would it not? 

Mr. Hyartr. Yes, it would. 

Mr. Witcove. For how long? 

Mr. Hyarr. It would certainly be delayed until we have the second 
test 

Mr. Witcove. About 18 months. 

Mr. Hyarr. A minimum. 


Mr. Stsx. Let us not have any accident on the first one. 
Mr. Hyarr. We will be careful. 
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Mr. Witcove. Of course, this matter was not under your jurisdic- 
tion at the time, but it seems it should have been planned further in 
advance that two pads would be available when the first tests are made. 

Mr. Hyarr. Yes; I think that would have been wise, if they had 
obtained the necessary funds. 

Mr. Witcove. ‘The same would be true of the flight stands at Cape 
Canaveral. 

Mr. Hyarr. That is right. 

Mr. Witcove. There should be two ready for the first test. Thank 
you. 

Mr. Hyarr. I would like also to mention 

Mr. McDonoucu. Just a point there. In the event you do not have 
an accident, can the second launch stand be used for other purposes? 

Mr. Hyarr. Yes. I would like to amplify this point, sir. The 
question of an accident is only one reason. Another reason is, in 
order to maintain the schedule that is shown on the lower line of that 
chart (fig. 12), we actually need two test stands and two launching 
stands. We cannot launch five vehicles in 1 year from one launch 

ad. 

. So that in either case, we need the second stand, both the test stand 
and the launch pad. 

Mr. Rirniman. Is that due to the length of time you have to have 
in preparing for a launching? 

Mr. Hyarr. This is right. This will be the most complex vehicle 
by far that this country has ever launched. The amount of checkout 
time, and the number of checkout procedures that would be required 
will just swamp anything we have done to date. 

I would like to mention one more point, and this is that since the 
first of the vear the President has requested and has assigned a DX 
priority, which is the highest national priority that we have, to this 

roject. 

' T think that that gives a quick review of the status of the Saturn 
project. 

Mr. Sisk. The gentleman from New Mexico. 

Mr. Morris. While we are on these test stands, are there any other 
facilities besides the ones you are speaking of, test stands already 
built to do this work? 

Mr. Hyarr. No, sir; we cannot, because of the size of this vehicle. 
As you see, the largest missile we have today, which is an ICBM, has 
a diameter of only 10 feet. And its thrust is only some 350,000 
ns. Here we will have a million and a half pounds of thrust. 

e will have a weight here that is three times the total weight of 
one of the ICBM’s, and the present launch pad complex simply can- 
not do the job. 

Mr. Morris. What is this additional stand going to cost ? 

Mr. Hyarr. We are requesting in this rash Me $21 million for that 
stand—the entire complex. 

I would like to say this is not just a stand. It includes a block- 
house, and it also includes the preparation of a site for the complex. 
It will be built just north of the present one, which is complex 34, 
at Cape Canaveral. The ground has no improvements on it now. 
Roads have to be built, utilities brought in and all other kinds of site 
preparations made. All items are included in the cost. 

524936024 


366 1961 NASA AUTHORIZATION 


Mr. Sisk. This static firing in April which you are talking about, 
that is going to take place at Huntsville, isn’t it / 

Mr. Hyarr. Yes, at Huntsville. 

Mr. Sisx. That is a static firing prepared in Huntsville? 

Mr. Hyatt. That is right. 

Mr. Sisk. Are you preparing a second static stand at Huntsville 
also? 

Mr. Hyarr. We are requesting funds in here to build a second test 
stand in Huntsville; yes, sir. 

Mr. Sisk. Go ahead. 

Mr. Morris. Mr. Chairman, may I ask one more question ? 

Mr. Sisk. Surely. Go ahead. 

Mr. Morris. There are not any other static test stands in the coun- 
try already built that you can use? 

Mr. Hyatr. There are not. 

Mr. Horner. The static test stand on which the first static test is 
going to be conducted is a modification of a stand that was built for 
the Jupiter program. So in that sense that is being used for the static 
test. It is utilizing the only available static test stand at Huntsville, 

Mr. Hyarr. Mr. Morris, I think you should also understand the 
sheer size of this first stage, 80 feet long and 22 feet in diameter, makes 
movement around the country a very, very difficult thing. It will, for 
example, as presently planned, be put on barges and be moved down 
to Cape Canaveral via barges, and hence to just move it after it is con- 
structed at Huntsville, to any other arbitrary point around the coun- 
try would be a very, very difficult thing. So we build it at Hunts- 
ville, test it at Huntsville, and then move it to the Cape Canaveral 
to fire. 

Mr. Sisk. Are there any other questions? 

To get this clear, you actually are going to have two static stands 
at Huntsville. Then you are proposing to build two stands at Cape 
Canaveral for firing purposes? 

Mr. Hyarr. That is right. 

Mr. Horner. There is money in this budget authorization request 
for both an additional static test stand at Huntsville and an addi- 
tional launch stand at Cape Canaveral. 

Mr. Sisk. Good. 

Mr. Horner. It is not in this research and development account. 
It is in the construction account. 

Mr. Sisk. I realize it is in the construction money. The figures 
we are looking at are strictly research and development as against 
the construction and salaries, which are in other parts of this same 
backup book. 

I notice a statement here under the justification, where it says the 
final version of Saturn will use uprated engines giving a thrust of at 
least 2 million pounds. 

I had not heard any particular comment on that. Did that come 
out in Dr. von Braun’s statement the other day ? 

Mr. Horner. Yes, I think Dr. von Braun mentioned that. 

The version of Saturn which Mr. Hyatt has been talking about 
here, by the nomenclature invented at the laboratory developing the 
vehicle is known as the C-1 version. It is a three-stage device. It 
will produce a very marked increase in our payload lifting capability. 


$l 
el 
st 
t 
‘ 
j 
( 
‘ 


1961 NASA AUTHORIZATION 367 


There is still further development inherent in this particular de- 


“rhe proposal, which is still further down the line than the de- 
velopment we are considering here is to uprate the eight first-stage 
engines to 250,000 pounds each, which will then produce a total first- 
stage thrust of 2 million pounds. 

This will, in turn, permit a greater load of propellant in upper 
stages, and larger upper stages, and this will in turn permit a much 
larger payload capability. 

This is not the development we are working on today, however. 

Mr. Sisk. The gentleman from California. 

Mr. McDonovucu. Saturn, you say, has six engines / 

Mr. Hyarr. It has eight engines in the first stage. 

Mr. McDonoucn. Eight engines in the first stage, each with a 
thrust capability of what? 

Mr. Hyarr. 165,000 pounds initially. 

Mr. McDonoveu. Is it planned that Saturn will eventually use 
the F-1 engine? 

Mr. Hlorner. No, sir; it is not at the present time. 

We have looked at this as a possibility. However, Saturn is de- 
signed on the basis of using tooling that is available at the Hunts- 
ville facility which was originally purchased for Redstone and Jup- 
iter, The body of the first-stage is nine separate tanks, five of which 
are used for liquid oxygen, four of which are used for the fuel. 

This combination of tanks would make the use of a single engine 
quite difficult and quite an extensive further development beyond 
the Saturn. 

Mr. McDonoven. In other words, the engine production, then, for 
Saturn, is all in-house operation, at Redstone? 

Mr. Horner. The engine production is actually with North Ameri- 
ean Rocketdyne. These engines were developed as a part of the bal- 
listic missile program. They are further improved for this program, 
and they are being purchased in Rocketdyne. 

Mr. McDonovenu. You say the tanks are being constructed at 
Redstone ? 

Mr. Horner. The tanks are being constructed at Redstone—the 
tanks and the whole missile body and the assembly is done at Red- 
stone. 

Mr. McDonoueu. I see. The outside compartments ? 

Mr. Wyarr. All the parts of the engines, including the parts 
purchased. 

Mr. Horner. There are many, many individual components that 
are purchased from industry, and this in effect is what is represented 
in this firstline item here of $5714 million. 

Mr. McDonoueu. Yes. 

Mr. Horner. The development and fabrication of the first-stage 
boosters. 

Mr. McDonoucu. The development and fabrication of the upper- 
stage boosters, this figure of $42,300,000-—— 

Mr. Horner. That money is for purchase of the second stage and 
the third stage from industry. The third stage will be purchased 
from Convair and from Pratt & Whitney. 

As I mentioned earlier, it is substantially the Centaur stage, 
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The second stage will be purchased from the contractor which wing 
the current source selection process and becomes the successful ¢on- 
tractor on the development and fabrication of that second stage, 

Mr. McDonoveu. Is that because the second stage is entirely new 
design and new type construction ? 

Mr. Horner. It is. 

Mr. McDonouagu. There has never been any precedent for it? 

Mr. Horner. That is a liquid hydrogen and liquid oxygen tank. 
The third stage is also liquid hydrogen and liquid oxygen, of course 
but this is a much larger tank. It has a total diameter of 220 inches, 
and it has four liquid hydrogen engines. 

So it is a brandnew development in terms of structural design, 
and design of the integration of the components. 

Mr. McDonoucu. Kor your guidance control and instrumentation 
you have $12,800,000. 

Is that any special design? Is there any research and development 
there, or is that on existing hardware that we know about ! 

Mr. Horner. That is substantially for the procurement of hard- 
ware that has already been developed. 

Of course, in adapting any guidance system to a new vehicle, there 
is a certain amount of development that is necessary because the guid- 
ance system must be tuned to the structure of the particular vehicle, 
The natural frequencies of the vehicle, the response rate that is a 
function of the mass, and the structural characteristics, determine the 
response rates that are required in the guidance system, and there- 
fore one can get real value from taking a guidance system that has 
been developed for another vehicle, but there must still be some addi- 
tional development in order to adapt it to this particular vehicle. 

There is a relatively small amount of this $12,800,000 which is 
actually development work, of about half a million dollars, and the 
balance then is for the actual procurement of the guidance systems 
for the early vehicles that will be flown. 

Mr. McDonoucu. How reliable are the guidance systems that we 
have been using? 

Mr. Horner. Well, as I mentioned earlier, the guidance systems, 
as a whole, the guidance and control, have been one of the areas in 
which we have had failures. 

However, they are becoming more reliable as we use more of them. 
We have a very major effort in engineering them to provide a simple 
mode of operation, more independence from vehicle malfunctions, 
and we expect little difficulty in providing a reliable guidance sys- 
tem for the Saturn at this particular time period. 

Mr. McDonovucnu. What is the basis of the most reliable guidance 
system we have on high-speed rocket engines? 

Mr. Horner. We would have to say at this time, simply because 
of the Atlas experience, that the radio guidance system which in a 
sense is a combination of radial inertial, has been the most reliable, 
simply because we have had this excellent experience with the Atlas 
and the Atlas causes that experience. 

Mr. McDonoveu. That is ground control ? 

Mr. Horner. That is ground control, in the sense that it is ground 
control of inertial elements already in the vehicle which are largely 
auto-pilots. 
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Now, both the Thor and the Jupiter have had completely integral 
jnertial systems that are alined and programed before takeoff and 
have no reference to ground monitoring thereafter. They have been 
yery reliable too, and their reliability has been improving. 

Based on the Atlas experience, their reliability hasn’t quite come 
up to that standard yet, but inherently they are just as reliable, 
and of course they are much more useful in the missions that we 
need to use them for in space exploration. 

Mr. McDonoveu. What is the principle of that inertial guidance? 

Mr. Horner. The principle is a gyro stabilized reference table to 
which the missile attitudes are compared. Whenever the missile 
deviates from a programed attitude relative to this stable table, the 
signal is sent then to the propulsion device which is swiveled to give 
attitude correction to the vehicle. 

A similar signal is provided for cut off of the stages when the de- 
sired velocity is attained. 

Mr. McDonoveu. Is that similar to the principle we used in guid- 
ing the submarine under the North Pole? 

r. Horner. Yes, sir; very similar. In fact, some of the hardware 
is identical. 

Mr. McDonoueu. That is being improved to make it more reliable ? 

Mr. Horner. Yes, sir; more reliable and lighter weight. 

Mr. McDonoven. I think the first the committee had knowledge 
of it was the model that was brought in by someone from MIT. 

Mr. Horner. Dr. Draper, I believe, from MIT. 

Mr. McDonovanu. Dr. Draper; oh, yes. 

This direct material, what does that include ? 

Mr. Horner. This is the line item which I mentioned earlier as 
being unique to this particular vehicle development, because it is— 
this is the only vehicle in which we are doing substantial in-house 
fabrication. 

This is actually for the procurement of the basic materials, the 
sheet metal, the metal stock, which goes into first-stage fabrication 
at the Huntsville facility. 

Mr. McDonovucu. Would it take $12 million for that ? 

Mr. Horner. Some of this material is quite expensive, in terms of 
stock cost. 

Mr. McDonoven. And the $12 million will provide you with how 
many of these ? 

Mr. Horner. We do, of course, have a leadtime problem on this 
kind of material. We must have it in hand when it is required, and 
eepetare we must buy it in economical lots and have a storage capa- 

ility. 

This will actually buy material for the following year’s operation. 

Mr. McDonoven. This isn’t such a complex operation; it is a 
boilermaking operation, isn’t it, or is it more than that? 

Mr. Horner. There is a certain fraction of the work which you 
might describe that way, Mr. McDonough. However, there is a large 
fraction of the work which is very large construction, and yet must 
be to very close tolerances. 

Mr. McDonovaen. I see. 

Mr. Horner. So it does require careful material selection on the 
part of the design engineer, and it does not pay to economize in the 
selection of material for one of these vehicles. 
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Mr. McDonoven. Does this include also the recovery apparatus 
that you hope to install in order to recover ? 

Mr. Horner. The recovery apparatus is actually a subcontract, and 
I don’t believe there is any material procurement for that except some 
of the compartmentalization for the recovery apparatus, that is, the 
actual structure of the compartment for the recovery. 

Mr. McDonoveu. That is all, Mr. Chairman. 

Mr. Wyarr. Mr. McDonough, I will say this is more analogous 
to the construction of a modern high-speed airplane fuselage than it js 
to a boiler manufacture. 

Mr. Sisx. The gentleman from Indiana. 

Mr. Rovusn. I consider the Saturn program as the most important 
program we are undertaking today, because I feel this is the one wa 
we can assure the American people we are capable of catching Russia 
in the space race. 

Is the Saturn project now programed so as to go forth at maximum 
speed 

Mr. Horner. I think Dr. von Braun, in response to similar ques- 
tions, described the rate which this authorization request would permit 
as an optimum rate. 

He stated that additional money might provide a small, relatively 
small improvement in time schedules, but there certainly would be a 
decrease in the return per dollar invested. 

I have discussed this at great length with Dr. von Braun. All I 
can say is that I would endorse his description of that situation as 
regards the resources that are provided to him. 

Mr. Rousn. Is there any area included here in this portion which 
you are presenting today, or which we are considering today, in which 
the funding is in your opinion inadequate ? 

Mr. Horner. Well, I am of the opinion that the funding is adequate 
to carry out the time schedules we ieove described with this program. 

Mr. Rousn. Do you concur in the time schedules ? 

Mr. Horner. Yes. I think the time schedules are very progressive, 
and we are going to have to extend ourselves to provide spacecraft 
that will meet these time schedules and make full utilization of the 
weight-lifting capability that these schedules provide. 

Mr. Rousn. Then you are saying that this funding is in every 
respect adequate. Is that correct, Mr. Horner? 

Mr. Horner. Mr. Roush, I would only qualify my comment to that 
question to point out again that this is a research and development 
program. 

Our schedules of necessity change from year to year, sometimes 
almost from month to month, depending upon the research and devel- 
opment difficulties we find. 

It is entirely possible that next year we will have to come back and 
ask for more money to do some of the tasks that we have said that 
we are going to do with the money we are asking for this year. 

This is a part of the research and development business. 

But to our best judgment at this time, the money is adequate to 
meet these schedules. 

Mr. Rovsu. It is not my intention to put you on the spot for next 
year, but I am asking your personal opinion as to this year. If 
there is any area in whcih we are not funding adequately, I think we 
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would appreciate knowing about it now rather than have to later 
state that we were not told of this. 
Mr. Horner. It is my opinion these moneys are adequate in that 
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respect. 

Mr. Rousn. All right. 

Do you see any possible way that this Saturn program could be 
speeded up? : 

Mr. Horner. Well, you will note from the schedule which was here 
on the board that in the process of adding some $90 million to the 

rogram in the past month, we have, because of our position in the 
development, because of the timing of our position in the develop- 
ment, been unable to advance the date of the first launching. This 
is because we are only something more than a year—a few months 
more than a year away from that launching. The launching of the 
11th vehicle, which was some 5 years away, we have been able to 
advance a year. 

It would be difficult, in Dr. Von Braun’s words, to advance the 
launching of that 11th vehicle any further by adding any more money. 

It is possible, I suppose, to assert that we could advance it 1 or 2 
months by adding large amounts of additional funds, but I would 
rather say that the effect of greatly increasing the money to be in- 
vested is more likely to improve the assurance of meeting that schedule. 

Now, this is a rather obscure factor in any research and development 

rogram, since we don’t really know how to assess the reliability of 
the schedule we show you today anyway. 

Mr. Rousu. I was not thinking entirely in terms of money. I 
must confess I was thinking somewhat in terms of money, but I also 
had in mind the possibility of the burden of administrative detail 
slowing this down—the matter of awarding contracts and all of the 
necessary administration which must go with the awarding of 
contracts. 

In that particular area, could you see any way we might cut across 
some of these procedures and hurry the program up? 

Mr. Horner. We think we have a pretty good performance in that 
respect, and it is hard to see how we can reduce the time factors very 
much. 

Let me just give you an example. During the last week in Decem- 
ber, after a very comprehensive but short study of the requirements 
for the upper stages, we identified the general configuration of the 
upper stages. 

In the following month the Huntsville technical personnel, working 
overtime and working very diligently, wrote the specification for the 
upper stages and an invitation for proposal which was distributed to 
industry on the 27th of January. 

At that meeting a great deal of discussion with representatives from 
some 30 companies, I believe, that attended the bidders’ conference, 
stipulated a 5-week period in which industry would have an oppor- 
tunity to prepare proposals. 

These proposals are due to be submitted on the 29th of February. 

We expect to take something on the order of a month to evaluate 
these proposals and select the best proposal, let a contract, and start 
the development: process. 
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Now this in effect means that a period of about 3 months has been 
used from the conception of the configuration until the development 
is under contract. 

I think this is an outstanding performance, and I would doubt that 
any comparable performance could be pointed out in this complex 
a job. 

Mtr. Rovusu. I gather, then, you feel that administratively we are 
proceeding as fast as we could with this program ? 

Mr. Horner. I do not see how we could materially shorten that 
time period, and do a proper job of selecting the best contractor to do 
this very important job. 

Mr. Kousu. May I ask you approximately how large do you expect 
this contract to be or is that something I should not ask? 

Mr. Horner. I would rather provide that, Mr. Roush, in a claggj- 
fied document. This again is an area in which we do not want to 
necessarily bias or handicap ourselves in the negotiation process, 

This I know goes back to an earlier comment, an earlier question 
by Mr. Wilcove, and comments by the chairman. 

I think we would find it exceedingly difficult in even providing 
percentages of total amounts that appear in our budget as to specific 
contracts because of course these percentages can be immediately con- 
verted into actual numbers. I do not think that we attain the best 
performance in the way of contract negotiation in this kind of an 
environment. 

Mr. Rovusu. I assume it will be in excess of $100 million. 

Mr. Horner. Well, here again, we would have to define what the 
total time period of the contract is concerned. We expect this to be 
one of the permanent upper stages for Saturn. 

We have plans for using Saturn, assuming a successful develop- 
ment, for some large number of years in our space exploration pro- 
gram, and therefore in selecting this contractor we are in a sense 
committing ourselves as to that particular source for buying this 
stage for as long as we are using it. 

I would suspect that if we do have a successful development in the 
Saturn vehicle, then it is a several hundred million dollar contract 
over a period of many years. 

Mr. Rousu. That is all, Mr. Chairman. 

Mr. Horner. The earliest negotiation, however, will be simply for 
the development of the stage. 

Mr. Stsk. Now, Mr. Horner. I know you have nothing to do with 
executive privilege, but I hope when we request information on this 
contract after it has been let—I see my good friend Mr. Gleason is 
back here—we are going to expect to have all the information on how 
this contract was arrived at. I want to talk to Dr. Glennan about 
that. This is not trying to put you on the spot, but you know we 
have not been too happy with the information we received on your 
last big contract and, of course, I have been looking with some in- 
terest at what is going to happen in this one. 

I know you are going to do a good job. You are going to give it to 
the best bidder and the one that will do the best job. I am positive 
you fellows are sincere in that, but I do hope the committee 1s given 
all the information in the manner in which that contract is finally 
let. 
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J want to ask you a hypothetical question now. It may be way out 
in the wild blue yonder. It probably is. But we have been talking 
now about the Saturn project and we have talked about the F-1. We 
have gone into that, I think, fairly extensively, and of course we have 
discussed this Centaur situation pretty well. The Centaur is going 
to be used to a certain extent very definitely as part of the Saturn, 
as 1 understand, or, in a sense, it is going to contribute, 

Let me ask you this, then, as a hypothetical matter. Assuming 
that an unfriendly power or another sovereign nation launches or 

uts a man into space successfully and recovers him in this coming 
October, and that next July such power would make a soft landing 
on the Moon, and with certain other accomplishments that of course 
would go along with those for a completely successful operation. 
what would be your position with reference to any possible speedup 
inany program ¢ 

Would you still be satisfied with the schedule as outlined here on 
Saturn, the schedule which you have given us on F-1, and the sched- 
uleon Mercury ? 

Mr. Horner. ‘The schedule on Mercury, Mr. Sisk, we could do very 
little bit about it at that time, because we would be completely com- 
mitted as far as the hardware and as far as the flight schedules. We 
would be at that time participating in the flight program. 

Mr. Sisk. That is right. 

Mr. Horner. Whereas we might be able to accelerate a flight, a 
month or so. We could do such things as take more risks in accelerat- 
ing the schedule, but we would have very little opportunity to ac- 
celerate the development program at that time in Project Mercury. 

Certainly, if we at that time faced the accomplished fact of a man 
landing on the Moon 

Mr. Sisk. Wait a minute; I did not put that in. Let me restate 
my question. 

I stated a hypothetical question, that a man would have orbited the 
Rarth in October of this year and that a soft landing would have 
been made on the Moon next July. That, of course, our first soft 
landing, at least we expect our soft landing is going to be strictly 
instrument, not a man. I was actually going to proceed a little 
further in my hypothetical case here, I was going to put you a little 
further on the spot by stating as an accomplished fact a manned 
exploration of the Moon in 1965, but I was going to let you chew 
this other around a little bit before we went that far. 

If you want to, you can join the issue. But that was actually to 
put a man in space, in October of this year, a soft landing with in- 
struments and so forth on the Moon next July, and then a manned 
exploration of the Moon in 1965. 

he reason I am using this as a hypothetical question is this. There 
are many reputable scientists, military people, and others who have 
actually flatly made this prediction. They believe it can be done; 
they believe it will be done. I am not saying it will be done. 

I hope—and I am not hoping anyone any hard luck; I did not 
indicate who might do this, I said it might be possible some unfriendly 
power might do it—I hope, of course, we will be the first ones to land 
aman on the Moon. I am still hoping we can do the things that 
will make that possible. 
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But I do think there is a real chance we might be faced with thi 
I want to know where then will your priority be. Will it be on 
Saturn or F-1, or something else. Where is it? I think these thi 
are real serious issues that your agency should be facing up to, 

Mr. Horner. Yes, sir. I think we are facing up to them jp 
terms 

Mr. Sisk. I am not saying you are not. I am merely saying this 
is a toughy and the American people might demand some answers 
down the line you know. 

Mr. Horner. I would only suggest, Mr. Sisk, it is a speculative 
question that requires a speculative answer. 

Mr. Sisk. I appreciate that. I am going along with you on the 
speculative answer. 

Mr. Horner. I think in the presence of these kinds of accomplish- 
ments by the U.S.S.R., and if they are in fact accomplished, the con- 
text of our present program, they would have to be accomplished by 
the U.S.S.R., unless there is a space power we do not know about—— 

Mr. Sisk. That is right. 

Mr. Horner. I question whether we in NASA would be truly mas- 
ters of our own fate in terms of establishing priorities. 

I think we almost certainly would be responsive to the expressed 
will of the Congress and recognize that it was indeed the expressed 
will of the American public in changing our program. 

Now, as I mentioned earlier, should the Russians launch a man sue- 
cessfully into orbit and return him in October, there would be little 
that we could do in advancing the development schedule of Mercury, 
but we certainly would have to recognize the fact that there would be 
a great deal of pressure on advancing our flight schedule, and one of 
the possible considerations that would have to be looked at was our 
assessment of the risk and how it has an influence, because this would 
be one of the few ways that would be left to us to make any changes 
in our schedule. 

It has been my past experience that accomplishments in the U.S.S.R 
have reflected on like efforts in the United States. I can go back to 
experience in the Air Force, for example. One of the first results 
of the flight of the Bison in the U.S.S.R., I think it was in May of 
1955, I might be wrong on the date, was the acceleration in the pro- 
duction rate of the B-52. 

People have asked questions why this is so, but it is so, and this has 
ordinarily been the result. 

Now, ? think there would be some additional pressure on the rest 
of our space program from that single accomplishment. 

Certainly, there would be additional pressure on the Centaur pro- 
gram with the advent of a soft landing of an instrument package on 
the Moon in 1961. I believe that was the date that you postulated. 

Mr. Sisk. Yes, that was my time schedule. 

Mr. Horner. Because it would be with the Centaur that we are de- 
veloping at that time a capability to have a similar soft landing on 
the Moon. 

As far as the accomplishment of manned flight to the Moon, witha 
soft landing and a return in 1965, I would suspect that by that time 
we would be fairly well committed as to the technique in which we 
were going to attempt such an effort. 
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We probably would no longer be engaged in a technical debate of 
whether we were going to use nuclear upper stages, whether we were 
going to use a direct ascent from the Earth, using the F-1 engine, 
whether we were going to use a rendezvous technique with the Saturn, 
[think it is likely we would have largely made that decision and we 
would be engaged in a program to do it. 

If past history is any guide, we probably would have little warning 
that this would happen. 

We would, of course, see some preliminary experiments from the 
U.S.S.R. Certainly one of them would be the manned orbital attempt. 

I think right today we would find it rather difficult to believe the 
Russians would attempt a man landing on the Moon without orbiting 
a man first. 

Mr. Sisk. I could not conceive of their doing that. I am assuming, 
of course, they are going to proceed more or less in an orderly fashion, 
as certainly your program, I think, takes steps in sequence. For 
example, this idea of putting a man in orbit two or three times around 
the Earth and bring him back. 

We find out something about what he is going to be confronted 
with. Then, of course, as I understand your general program, there 
follows a soft instrumented landing on the Moon. In other words, not 
amanned landing, but with manned instruments. 

I realize this is hypothetical, and my question is speculative, so your 
answer has to be speculative. 

But we have discussed here to some extent the matter of priorities. 
Iam still concerned about the attitude of NASA, the Department 
of Defense, the Space Council, and the Security Council, and every- 
one else concerned with it, with reference to their attitude on the F-1 
engine, or the rendezvous technique, or some other technique, for 
what I hope will be that great long stride which m‘ght put us, let’s 
say, again in a superior position in this whole field. 

Mr. Horner. I would like to make one more comment, if I may, 
Mr. Sisk. 

Mr. Sisk. Go right ahead. I didn’t mean to cut you off, Mr 
Horner. 

Mr. Horner. In order to accomplish a manned landing on the 
Moon, it has been our judgment that one of the logical steps on the 
way, and one of the rather advanced logical steps on the way is to have 
manned circumlunar navigation and return to the Earth. Because 
itis with such a mission that we can solve very difficult problems of 
super circumlunar velocity reentry to the Earth’s atmosphere, which 
we are going to have to solve for this return vehicle from the Moon. 

Now, if I were running the Russian program, and I was going to 
do a manned landing on the Moon in 1965, I would like very much to 
be able to do this manned circumlunar navigation in about 1962. 

We have seen nothing in the Russian program yet that would lead 
us to believe that the Russians in fact are going to have this capability 
in 1962. 

Now, there are just two further comments. It is very dangerous 
to base our judgment of the Russian program and its advances on 
our enadclagy. because we do not know enough about the Russian 
program, and it would let you in for surprises to do that. 
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On the other hand, in response to your statement that many com. 
petent people have stated that in their opinion the Russians were 
going to do this in 1965, and we could do it in 1965, I would point out 
that they all have one characteristic, and that is, that none of those 
people have responsibility for performing. 

Mr. Sisx. I will agree, Mr. Horner. 

Mr. Horner. Therefore, they are never going to be criticized for 
not doing it. 

Mr. Sisk. I want to modify one statement I made, so I will be 
completely clear. 

I think the first two things which I mentioned, the man in space, so 
far as an orbit, and the soft landing on the Moon, I think many re- 
sponsible people have predicted Russia would do that on the time 
schedule that I indicated. I will say, I am not too sure too many 
people have predicted they would put a man on the Moon in 1965, T 
think probably the period more often mentioned is maybe 1966 or 1967, 
I believe General Medaris mentioned 1967, as I recall. 

But I made the shoe pinch a little bit on the 1965 idea. I frankly 
think that would be even for Russia a pretty optimistic figure, based 
on what I understand you people feel to be the normal steps required 
to ever do this. 

Maybe, as you say, we don’t want to depend too much on it. Maybe 
they have other types of steps, I don’t know. 7 

Mr. Horner. There is only one thing we can be sure of, Mr. Sisk, 
is the same laws of physics, the phyical laws of the universe apply on 
that side just like they apply on this side. 

Mr. Sisk. That is one reassuring thing. I appreciate that. 

Mr. McDonoveu. The other factor is they are devoting their en- 
tire—they can divert their entire manpower in the direction of one 
accomplishment, while we don’t. We do many things. 

Mr. Sisk. Of course they are doing pretty good now at the Winter 
Olympics in Squaw Valley. That makes me feel a little bad, too. I 
wouldn’t say they are putting it all in one pot, either. I don’t like 
to have everything we do predicated on what someone else does. I 
have always resented this. I think sometimes to myself, when I at- 
tempt to compare it, that I despise this way of having to do things. 
I don’t like to have to predicate everything we do on what someone 
else is doing. In other words, their calling our shots. I am so desir- 
ous of seeing us move out on our own and leave them behind, or 
somewhere in the dust. 

Mr. McDonoven. You don’t want to live up to the Jones. 

Mr. Sisk. I realize as you said on the airplane, sometimes we seem 
= ay little inclined, of course, to do just what we have to do to stay 
ahead. 

Are there questions? I have taken up quite a bit of time here. Do 
you have any further questions on the Saturn program ? 

Mr. Rreniman. No. 

Mr. McDonoveu. No. 

Mr. Rovusu. No, I don’t have. 

Mr. Wucove. With regard to the Russians giving us little warn- 
ing, I think they have given us considerable warning, if General 
Medaris is to be believed. He said the Russians already stated they 
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will celebrate the 50th anniversary of the Communist revolution on 
the moon, which would be 1967, 

Mr. Horner. There are some 200 million Russians, and there are a 
large variety of statements that come out of the U.S.S.R. We find 
that this variety is increasing every day. We do have some commun- 
;cation with the scientific community in the U.S.S.R., and we have a 
wide disparity in their statements as to what their intent in the space 
program is. I have not always been able to identify the statements 
that you refer to as official Russian intent. 

Mr. Witcove. Of course, I am just quoting General Medaris. I 
don’t know that of my personal knowledge. 

Mr. Horner. I don’t know, either. 

Mr. Sisk. Mr. Hines, do you have any questions ? 

Mr. Hives. No, sir. 

Mr. Sisk. All right. I think with that we will conclude today’s 
hearings. I would like to say this before I forget it, and I want to 
say this particularly to you, Mr. Gleason, if I may, Mr. Wilcove made 
a request on the breakdown of the $30 million cut in the 1960 NASA 
budget ; specifically how it was absorbed among the various programs. 
[ think that was made several days ago and we still don’t have that 
breakdown. We had hoped to use it here. So, will you get busy and 
see we get that down here in the next couple of days? 

Mr. Gueason. I think that was delivered to the staff this afternoon. 

Mr. Witcox. We have not received it. I originally made the re- 
quest to Mr. Ulmer last Friday morning. 

Mr. Gieason. I have a copy. 

Mr. Sisk. If it is not here get it down to us, Jim, because we would 
like to have it. 

Off the record just a moment. 

(Discussion off the record.) 

Mr. Sisk. We will assume, then, we will meet tomorrow afternoon, 
let’s try to meet at 2 o’clock. We will meet at 2 o’clock tomorrow aft- 
ernoon, and the committee will reconvene to finish this portion of the 
discussion, 

The committee stands adjourned. 

(Whereupon, at 4:35 p.m., the subcommittee adjourned.) 

(The information requested is as follows :) 


The attached table shows changes in the budget allocations for the NASA 
research and development budget that have been made to accommodate the 
funds actually available for fiscal years 1959 and 1960. The table includes 
revisions in allocations of fiscal year 1959 money although there was no reduc- 
tion in these funds in the time period of interest. The accommodation of the 
reduced appropriations for fiscal year 1960 (including the funds requested orig- 
inally as fiseal year 1959 supplemental) required the changes indicated in the 
fiseal year 1959 allocations in order to phase all elements of the total research 
and development program at the best overall pace. 

The revised fiscal year 1960 allocations indicate a net decrease of $33,470,000 
from the requested appropriation. Of this, only $18,470,000 was a congressional 
reduction in NASA appropriations below the requested amounts. The remain- 
ing $15 million represents a transfer of research and development funds appli- 
cable to the manned space flight program (project mercury) to the construction 
and equipment account in order to proceed with the construction of the Mercury 
tracking facilities. 

It is important that the table be interpreted in its entirety. Changes have 
been made in almost every allotment title in both fiscal years. This kind of 
reprograming of funds was necessary to accommodate (a) the reduction in 
appropriated funds, (b) the transfer of research and development money to 
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construction and equipment, (c) the transfer of funding authority for ce 
salary and expense items to the research and development account, and (d 
revisions in cost estimates due to changes of scope of work and overruns, The 
net effect can best be evaluated by examining the last column which shows the 
net change in the allotment funding for the total 2-year period. 

Four allotments show a net increase for the 2-year period. The increase jp 
the support of NASA plant allotment largely represents the transfer of research 
and development funding of some program items formerly paid under the sala 
and expense appropriation. Congressional approval was obtained for the trang. 
fer of these funding authorities. A lesser part of this allotment change is due to 
increases in program charges that were underestimated in the original budget 
requests. 

The apparently substantial increase in the lunar and planetary exploration 
allotment is due to several factors. With the cancellation of the Vega vehicle 
development it became necessary to program funds into the lunar and planetary 
allotment to provide for the procurement of Atlas-Agena vehicles to replace the 
Vega vehicle (formerly, the cost of the Vega vehicles to be used for lunar and 
planetary exploration were carried in the Vega vehicle development allotment), 
The remaining increase in the lunar and planetary allotment has been neces. 
sary to provide for replacement vehicles and payloads for lunar orbital missions 
using the Atlas-Able vehicle, for cost overruns in earlier lunar missions, and 
for the acceleration of spacecraft development for use with the Centaur and 
Saturn vehicles. 

The initial Scout vehicle development program has required approximately 
a 10 percent increase in funds. 

The supporting activities account was increased (a) to accommodate fund- 
ing of items previously funded in the salary and expenses appropriation and 
(b) to cover increased data acquisition and data reduction expenses for the 
fiscal year 1960 space flight program. These latter expenses are a function of 
the actual flight schedule and hence must be adjusted when adjustments are 
made in the flight schedule. 

In order to compensate for these four allotment increases, and to accommo- 
date the reduction in appropriated funds and the transfer of funds from cost 
and expense account, it was necessary to make reductions in the large number 
of allotments. The large reduction in the Vega vehicle development allotment 
was a result of cancellation of the Vega program and has required a corre 
sponding increase in vehicle funding in the lunar and planetary exploration 
allotment. 

In the liquid rocket allotment there was a reduction of $6 million in the 
funding of the 1.5 million-pound-engine and an additional reduction in other 
liquid rocket advanced development of almost $3 million. 

The sounding rocket, meteorological, and communications programs were re- 
duced by either a reduction in the number of planned missions or in a stretch- 
out of these missions. 

The other allotment reductions were largely in advanced development program 
areas. The effect of these decreases will not be felt in the immediate or near 
future flight programs but there may be an effect on programs several years 
hence caused by this reduced level of effort on new developments. 

One special comment is necessary regarding the apparent reduction in the 
funding of the manned space flight program. This reduction is the result of 
the transfer of $15 million from the research and development appropriation 
to the construction and equipment appropriation for the construction of Mercury 
tracking facilities. In fiscal year 1959, Project Mercury was given a funding 
increase of almost $9 million over the planned budget. Favorable House action 
has already been taken on an additional $12,200,000 of supplemental fiscal year 
1960 moneys to be applied to this program. Thus the manned space flight 
program has actually been supported at a level considerably higher than that 
anticipated in the budget submissions a year ago. 
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construction and equipment, (c) the transfer of funding authority for certajp 
salary and expense items to the research and development account, and (d) 
revisions in cost estimates due to changes of scope of work and overruns, The 
net effect can best be evaluated by examining the last column which shows the 
net change in the allotment funding for the total 2-year period. 

Four allotments show a net increase for the 2-year period. The increase jp 
the support of NASA plant allotment largely represents the transfer of research 
and development funding of some program items formerly paid under the salary 
and expense appropriation. Congressional approval was obtained for the trans. 
fer of these funding authorities. A lesser part of this allotment change is due to 
increases in program charges that were underestimated in the original budget 
requests. 

The apparently substantial increase in the lunar and planetary exploration 
allotment is due to several factors. With the cancellation of the Vega vehicle 
development it became necessary to program funds into the lunar and planetary 
allotment to provide for the procurement of Atlas-Agena vehicles to replace the 
Vega vehicle (formerly, the cost of the Vega vehicles to be used for lunar and 
planetary exploration were carried in the Vega vehicle development allotment), 
The remaining increase in the lunar and planetary allotment has been neces. 
sary to provide for replacement vehicles and payloads for lunar orbital missions 
using the Atlas-Able vehicle, for cost overruns in earlier lunar missions, and 
for the acceleration of spacecraft development for use with the Centaur and 
Saturn vehicles. 

The initial Scout vehicle development program has required approximately 
a 10 percent increase in funds. 

The supporting activities account was increased (a) to accommodate fund- 
ing of items previously funded in the salary and expenses appropriation and 
(b) to cover increased data acquisition and data reduction expenses for the 
fiscal year 1960 space flight program. These latter expenses are a function of 
the actual flight schedule and hence must be adjusted when adjustments are 
made in the flight schedule. 

In order to compensate for these four allotment increases, and to accommo- 
date the reduction in appropriated funds and the transfer of funds from cost 
and expense account, it was necessary to make reductions in the large number 
of allotments. The large reduction in the Vega vehicle development allotment 
was a result of cancellation of the Vega program and has required a corre 
sponding increase in vehicle funding in the lunar and planetary exploration 
allotment. 

In the liquid rocket allotment there was a reduction of $6 million in the 
funding of the 1.5 million-pound-engine and an additional reduction in other 
liquid rocket advanced development of almost $3 million. 

The sounding rocket, meteorological, and communications programs were re- 
duced by either a reduction in the number of planned missions or in a stretch- 
out of these missions. 

The other allotment reductions were largely in advanced development program 
areas. The effect of these decreases will not be felt in the immediate or near 
future flight programs but there may be an effect on programs several years 
hence caused by this reduced level of effort on new developments. 

One special comment is necessary regarding the apparent reduction in the 
funding of the manned space flight program. This reduction is the result of 
the transfer of $15 million from the research and development appropriation 
to the construction and equipment appropriation for the construction of Mercury 
tracking facilities. In fiscal year 1959, Project Mercury was given a funding 
increase of almost $9 million over the planned budget. Favorable House action 
has already been taken on an additional $12,200,000 of supplemental fiscal year 
1960 moneys to be applied to this program. Thus the manned space flight 
program has actually been supported at a level considerably higher than that 
anticipated in the budget submissions a year ago. 


\ Fiscal years 
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WEDNESDAY, FEBRUARY 24, 1960 


Hovsr or REPRESENTATIVES, 
CoMMITYEE ON SCIENCE AND ASTRONAUTICS, 
No. 4, 
Washington, D.C. 

The subcommittee met at 2:20 p.m., Hon. B. F. Sisk (chairman of 
the subcommittee) presiding. 

Mr. Sisk. The committee will come to order. 

We will take up the consideration of the program on tracking and 
data acquisition. The overall figures in this particular section are 
$32,550,000 as compared wtih last year’s figure, or at least the pres- 
ent fiscal year, of $16,266,000. In other words, we are considering 
almost exactly double the amount of money requested in the previous 
fiscal year. 

Mr. Horner—or either of you gentlemen—if you want to make 
some comment on this backup material we will be happy to have that, 
and then we will proceed with any questions which we may have on 
the particular items. 

r. Horner. I might point out just as a general statement, Mr. 
Chairman, the increase in funds required for the support of the track- 
ing and data acquisition is a direct measure of the maturity of the 
program. This, of course, is the money required to gain opera- 
tional utilization from the vehicles, and it reflects the increase in 
space operations. 

Mr. Wyatt here will give a brief statement in support of this 
account, 


STATEMENT OF D. D. WYATT, ASSOCIATE DIRECTOR OF PROGRAM 
PLANNING AND COORDINATION, OFFICE OF SPACE FLIGHT PRO- 
GRAMS, NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Mr. Wyarr. Mr. Chairman, as Mr. Horner points out, the growing 
amount here is an indication of the maturing of the NASA space 
program, and in particular reflects the coming into rather full opera- 
tion of the several kinds of tracking networks that we find necessary 
to track, collect data, and analyze data from our various space 
activities, 

I believe that the clearest picture of the contents of this particular 
allotment can be obtained by going down first to the flight research 
program, and then coming Hable to the advanced technical develop- 
ment. 

Our flight research program, the elements so indicated here, resolve 
themselves in sequence. First, the cost of operating what we call our 
satellite stations. This is primarily our minitrack network, a net- 
work of some 14 interferometer stations located fairly well throughout 
the world, although substantially the majority of them are on a single 
longitude running through North and South America. 
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You may recall this was the network originally a part of the IGy 
to track what we call the low inclination orbit satellites, and also to 
receive data from these satellites. 

You may further recall] that the last. session of Congress funds wer 
appropriated for the construction of four additional of these stations 
to give us an ability to catch north-south passes as well as east-west 

asses, 

. The sums indicated here, $5,600,000, are for the operation of these 
stations, which is done by contract, and for the data transmission 
from each of these stations back to what might be called a data cep. 
tral to be located at the Goddard Space Flight Center at Greenbelt, 
Md. 

These represent the line charges for the communications system that 
is used, and the personnel and operating expenses in support of these 
14 stations. 

There is also a small sum in here for partial operation of what are 
known as microlock stations, that were part of the ABMA vehicles, 
the Redstone and Explorer vehicles launched by ABMA. 

Now, the second item here is for the operation of optical tracking 
stations. Substantially the same kinds of items are requested here, a 
sum of $1,950,000 for the actual operation and payment of personnel 
for these so-called Baker-Nunn stations. 

These are very precise optical equipment that can give us the finest 
fix possible at the present time on the actual position of a satellite 
in space. This is very important for precise orbital determination. 

Mr. Sisk. Could I ask a question right there for clarification? 

These are figures that are used in the research and development 

art of this budget request. I was curious about any duplication, 

e have salaries and expenses section of this budget, which of course 
is handled by another subcommittee of our committee; you men- 
tion now salaries and expenses. 

Mr. Wyatt. Mr. Sisk, these salaries and expenses I refer to here 
are for contract personnel. For example, in the case of the Baker. 
Nunn stations, the contractor is with the Smithsonian Institution. 
They actually operate it. I am referring to the bulk of the money 
which is to pay the people who actually man the stations, but ar 
not civil service employees of the Government. They are contract 
employees assigned to these station operations. 

Mr. McDonoveu. On a contract basis, are they year-round con- 
tracts, or are they just contracted for tracking a particular satellite! 

Mr. Wrarr. No; a year-round contract. We have so much stuf 
in the air that these stations are continually busy. They are receiv- 
ing and tracking—I can’t give you an exact number—but many mor 
than a single satellite at a given time. 

Mr. McDonoven. Let’s follow that for a minute. 

What is the oldest satellite we have in orbit at the present time! 

Mr. Wyartr. The Vanguard I. 

Mr. McDonoveu. How long has that been flying? 

Mr. Wyarr. That has been flying since January 1958. 

Mr. McDonovuen. They are tracking that every 24 hours; they are 
tracking that every time it comes around ? 
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Mr. Wyarr. I can’t say with assurance they keep a precise track 
on it. The orbital elements on that have been well enough established 
that they may take periodic data from it, because they can predict 
where it will be. 

Mr. McDonoven. Are the instruments still operating in Van- 

Mr. Wyarr. Yes; the transmitter is still functioning. 

Mr. McDonoveu. Isn’t the information, now obtained that it has 
been operating for quite a long time, more or less a duplication of 
what was previously received, or is there something new ¢ 

Mr. Wyarr. It is new in the sense that the effect of time variables— 
in other words, the different state of solar activity as it affects ener- 
getic particle distribution, for pag. oe effects of seasonal changes, 
annual changes—there is much we don’t know about the surrounding 

osphere. 
Gas MoDoxoven. You mean the satellite will pass a particular 
station at a different time of the day / 

Mr. Wyarr. Well, there are a number of stations. There are 14 
stations involved that can collect data from this particular satellite. 

No; what I mean is, the data that the satellie collects, he let us say 
today, may be of scientific significance because it may differ in the 
strength and content of the energetic particle field from what we 
measured a month ago or 6 months ago or a year ago. 

This becomes an instrument that as often as we choose to sample it, 
shows us what is the changing flux of this field, and then we relate 
this with other measured physical phenomena and try to get a better 
understanding of just exactly what is this field that this is measuring. 

We don’t really know too much in truth about these energetic par- 
ticles, what is their real source, that is. We are beginning to get a 
good yt but we don’t know exactly what is the real source and what 
affects them. 

Mr. McDonoven. That is Vanguard. How many others do we 
have that are operating ¢ 

Mr. Wyarr. I am afraid I can’t give you an exact count—is it five? 

Mr. McDonoven. We have five operating. 

Each one of them is equipped with instrumentation that will give 
- eet data; certainly we don’t have two of three satellites for 
the same ¢ 

Mr. Wyarr. There are a number of satellites, five satellites up. 
I believe Explorer VII is the only one actually transmitting at the 
present time, except for Vanguard I. 

I believe there are just these two. Explorer VII will be trans- 
— for approximately another 9 months if it goes according to 
schedule. 

Mr. McDonoven. What have we found out from a digest of this 
material? We certainly have had a chance to evaluate some of this 
material by now? 

Mr. Wyarr. Yes, sir. This is a very broad question, and can’t 
give youa simple answer. But I will point out such things as this: 

This initial Vanguard discovered what we now know as the “Van 
Allen belt,” or the “great radiation belt,” and the data from that 
were used to draw certain conceptual pictures about what this belt 
was: It was a doughnut of a certain size and certain intensitv of 
radiation of energetic particles. } 
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Subsequent experiments with subsequent satellites and with the 
space probes determined that we were only measuring part of the 
energetic particle fields in this Vanguard I measurement, that jp 
truth what at that time appeared to be a rather well-defined radiation 
belt was a part of a large zone of intense radiation of many kinds of 
particles, 

The experiments—— 

Mr. McDonouceu. These are particles. When you speak about 
particles, are you talking about meteorites? 

Mr. Wyatt. No, sir, I’m talking about the very basic particles, of 
hydrogen particles and electrons, the very basic building blocks— 
that kind of particles—that are continually bombarding the earth, 
probably from the sun for the most part. 

Mr. McDonoven. Asa result of that information, have we changed 
the design, or does it have any effect on the design, of Mercury! 

Mr. Wyatt. It has not had any effect on the design of Mercury, 
because Mercury if flying below the lowest level that any of thes 
belts have been measured to have any intensity. 

It is, however, beginning to have an effect on our thinking about 
what kind of a shielding we will have to put on a manned vehicle 
that will penetrate as far as the Moon, for example, or that will fly 
substantially higher than 

If we talked about flying a vehicle 10,000 miles above the Earth, 
the information that we are collecting, and that is being refined with 
each one of these flights, and on a time basis, is the kind of informa- 
tion we have to have to know how thick a shielding we need to put 
around the man in this. 

Mr. McDonoucn. Our minitrack stations can also track foreign 
satellites, can’t they? 

Mr. Wyatt. If they are at the frequencies the minitrack stations 
are equipped to handle. 

They are now being converted and within about a year I believe 
will be wholly converted to a new frequency band around 135 to 
136 megacycles. 

Mr. McDonoven. Do you know how many foreign satellites are 
now flying? 

Mr. Wyatt. Well, there are no active ones to my knowledge. That 
is, no active transmitting. 

Mr. McDonovucu. That means we are getting more information 
about outer space conditions more frequently than Russia is? 

Mr. Wratr. Yes, sir. 

Mr. McDonoven. Still, they are considered to be further advanced 
in design than we are for man-in-space and other things. They ar 
certainly not getting the information we are getting, are they? Are 
they getting our information, too? 

Mr. Wyarr. Sir, I don’t know myself whether they are further 
ahead in the ability to put a man in space or not. I think it would be 
conjecture. We don’t know. At least, I don’t know what the exact 


state of their technology is. 


Mr. Wircove. Mr. Wyatt, in further response to Mr. McDonough’s 


question, though, are they getting the information we get? 
Mr. McDonoveun. In other words, are they benefiting by our mint 
track stations ? 1 
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Mr. Wyatt. The scientific information, yes, is being released to 
the world data centers through the National Academy of Sciences. 
They, in turn, release back data that they obtain, and we have access 
to that data. 

Mr. McDonoveu. However, do they have active satellites at the 
present time? 

Mr. Wyatr. No, sir. Volumewise we have accumulated much more 
data. 

Mr. Horner. Their contribution of scientific data to the World 
Data Center has been much lower than ours. 

Mr. McDonoveu. In other words, we are spending money to give 
them mafortantion that would be valuable to them in exploring outer 
space! 

cate: Horner. Yes, and I think it is accurate to say, Mr. McDonough, 

that contrary to the commonly held public opinion as regards the 
relative prestige of the space programs of the U.S.S.R. and the United 
States, in the scientific community of the world, it is widely acknow]- 
edged that our program has been much more productive than that 
of the U.S.S.R. 

Mr. McDonoveu. I have always felt so, and am more or less con- 
vinced that that is true. 

However, in our attempt to accomplish what we are hoping to 
accomplish in this whole program, we are providing them with infor- 
mation that will be beneficial to them. 

I don’t want to belabor this point, Mr. Chairman, but it is infor- 
mation that I think is essential to this part of the budget. 

In interpreting this information, Mr. Wyatt, you get this back in 
a dot-and-dash system, don’t you? How do you get the electronic im- 
pulse recording on a minitrack station 4 

Mr. Wyatt. Well, it comes back in an electronic code, and it is re- 
corded on tape, on a magnetic tape. It is more often a frequency varia- 
tion, for example, than it is a pulse. 

There are a variety of forms in which it can be transmitted. 

Mr. McDonoveu. And that can be translated into temperature— 
and what other things are we looking for ? 

Mr. Wyarr. Well, for example, in the energetic particles we can 
have a counter like a Geiger counter, for example, that measures im- 
pacts of these particles, and is so designed that after it measures a 
certain number of impacts, it sends out an impulse so we know there 
is a certain count. 

By arranging the transmitter circuit, you can get this as a gross 
count or fine count, depending on what it is you are trying to measure. 
Each time it accumulates a certain count it sends out a signal. This 
is one way of doing it. 

So we can count things, we can measure temperatures—well, what 
we do in all cases is—— 

Mr. McDonoucu. Volume, I suppose. 

Mr. Wyatt. We—in all cases, whatever it is, we are changing it to 
an electrical signal of some sort, we transmit that electrical signal 
and then we translate it back through calibration into the original 
parameter that we measured. 

Mr. McDonovcn. This is a new part of the art, isn’t it, a minitrack 
station? This is something that we have known about for many, 
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many years, isn’t is? When we first put up our first satellite, were 
we equipped to track it? 

Mr, Wyarr. Yes, sir. These stations were built as a part of the 
anticipated satellite flights and tracking for the International Geo. 
physical Year. 

Mr. McDonovcu. Previous to that, these stations were not jp 
existence 

Mr. Wyarr. That is right. 

Mr. McDonoveu. So that is only 2 years old, isn’t it? 

Mr. Wyartr. Two or three, yes, sir. 

Mr. McDonoveu. Two or three? 

Mr. Wyatt. Yes, sir. 

Mr. McDonoveu. So it is an experimental part of the art? 

Mr. Wyartr. We consider the minitrack stations themselves to have 
moved beyond an experimental part of the art as far as normal track. 
ing operations are concerned. 

We do have moneys in this budget under Advanced Technical De- 
velopment that are designed to enhance the efficiency and data col- 
lection capability of the minitrack stations. 

In other words, they are not a finally developed state of the art, but 
they are a useful day-to-day working tool now. We are seeking ways 
to make them even better. 

Mr. McDonoven. That is all for the present, Mr. Chairman, I 
would like some detail on this. 

Mr. Sisk. That is fine. Go right ahead. That is what we want to 
do, to explore these subjects as much as we can. 

Mr. Horner. I think it might be well to point out the dissemina- 
tion of this information to the World Scientific Community is in ac- 
cordance with our responsibilities as reiterated in the National Space 
Act of 1958, and directly responsive thereto. 

Mr. McDonoveu. I realize that we are very generous in that re- 
spect, insofar as the original act is concerned. Which other nation is 
very interested in our satellite data besides Russia, if you know? 

Mr. Wyarr. There are a number of nations that are interested in 
becoming participants in the space program. There are none that are 
in the space program as we conceive it, that is, in terms of very high 
altitude sounding rockets and satellites. The Japanese, I believe, 
have a rather intensive low altitude sounding rocket program going. 
The Canadians are participants there, the British, and_ the 
Australians. 

I am not qualified to enumerate all of them. 

Mr. Horner. I am qualified, I think, to say that the scientific com- 
munity, as distinct from the governments, of every civilized nation 
in the world, has a very real interest in data from these experiments. 

Mr. McDonoven. Well, now, on that basis, wouldn’t it be proper 
to make an approach to these nations to ask them to participate in 
financing these minitrack stations? The burden of obtaining this 
information is largely on the United States. If this program is for 
civilian exploration of outer space, for peacetime purposes, why 
shouldn’t there be an international fund for accomplishing this in- 

stead of the whole burden being assumed by the United States? 

Mr. Horner. Mr. McDonough, we do and have approached other 
nations to participate in the space program, and we have had ex- 
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ressions of interest from many other nations, and some of them are 

articipating to the extent of spending national funds in the program. 

It is very impractical, however, to depend on other nations to sup- 

rt with their financial resources a thing that is so essential and so 
necessary to a schedule as a tracking station. 

For one thing, the physical geography of the world is such that 
we want these stations in many cases located in countries that do not 
have the capability of supporting it. 

Mr. McDonoven. With regard to the location of the station, I 
would agree. But, the maintenance of the station, it seems to me, 
should be a participating responsibility of the nations most interested 
in the data that will be obtained. 

Now, Russia, of course, is the principal nation, I believe. For in- 
stance, I don’t know what their minitrack station system consists of 
around the world. But the U.S.S.R. nevertheless, when it shoots 
a satellite up, has minitrack stations some place to catch this data, 
doesn’t it? 

Mr. Horner. In this respect we have a very real advantage over 
the U.S.S.R. They do not have land-based tracking stations outside 
of the U.S.S.R. 

Mr. McDonoven. Oh, I see. 

Mr. Horner. To our knowledge, unless they have been able to 
hide them from us. That is very unlikely, except there has been 
speculation that they might have one in Antartica, for example. We 
consider that unlikely. 

The question of where the stations are located, however, are neces- 
sarily related to their financial support. It would be extremely diffi- 
cult, for example, to expect the British to support a station that is 
located in South America, because the British have very real require- 
ments for the resources they have been able to make available to the 
space program in other elements of our space program. 

What I’m really saying here is that we find it more advantageous to 
accept and cooperate with the support of other foreign nations in 
other aspects of our program, rather than in the tracking and instru- 
mentation, and I think we jointly get more out of cooperation in other 
areas. 

Mr. McDonoven. Just one final question, then I’m through on this 

int. 

PWith the broad system of minitrack stations we have around the 
world, if we can tune in on the signal of a Russian satellite, we can get 
wn information from that Russian satellite than Russia can, can’t 
we 

Mr. Horner. In terms of its total flight time, as the Earth turns 
under a space probe, for example, the Russian land mass is such that 
it covers not quite half of the world. 

Mr. McDonovuen. That is north and south, or east and west ? 

Mr. Horner. That is east and west, and that is the way the Earth 
rotates. 

Mr. McDonoven. That is right. 

Mr. Horner. There are some differences in our capability. I will 
make one correction. It is not feasible in most respects to use the 
minitrack stations for that purpose. 


388 1961 NASA AUTHORIZATION 


Mr. Wyatt is coming to another category of stations here which 
can be used for that purpose. The minitrack stations are so designed 
they cannot readily dunes their frequencies. 

Mr. McDonoven. OK. 

Mr. Sisk. At this point does the gentleman from Indiana have any 
questions ? 

Mr. Rovusn. No. 

Mr. Sisk. All right. 

Go ahead, Mr. Wyatt. ; 

Mr. Wyartr. If I may proceed, I have been describing the opera- 
tions for the funds for the operation of the minitrack satellite stations 
and the optical tracking stations, both of which are used to track 
Earth satellites. 

Now, the next item in our program are funds in the amount of $34 
million for the operation of what we call deep-space stations. These 
refer, Mr. McDonough, to the area that you were just discussing. 

These are the stations which track the probes out to the Moon and 
beyond. They differ rather markedly physically from the minitrack 
stations because the signals they have to receive are very, very faint 
because of the very long distances of transmission, and hence these are 
the very large radio dishes, so-called. The particular network that 
we have uses dishes 85 feet in diameter, which can be pointed at any 
sector or point inthesky that they can see. 

Our total network is not yet completely in operation. We have a 
station at Goldstone, Calif., which is our principal station at the 
present time. wie 

We have one in Woomera, Australia, that will be going into opera- 
tion here very shortly. 

And a third station will be in operation in about a year in South 
Africa. 

Now, these three are located around the Earth such that when we 
send a probe off into space, say to the Moon, or beyond, as the Earth 
rotates, one or two of these stations will always be able to see—literally 
see the probe—and hence we can get a continual data reception from 
them. 

Now, since we only really need three of these stations, because we 
can put them approximately 120° apart, and after the probe gets a 
few thousand miles from the Earth we can always see it then. So 
this is what constitutes our deep-space stations. 

Again the moneys here are broken down into the operating moneys 
required for each one of these three stations, and for special equip- 
ment that are required, including data transmission links back to 
the United States. 

Now, the next item is for the operation of our Mercury net stations. 
The Mercury, of course, is a satellite of the Earth, but as was pointed 
out, I believe by Major Hammond, in a discussion before the full com- 
mittee, Mercury has some very special characteristics that make it 
impossible technically to track it satisfactorily with the Minitrack 
network. 

Mr. McDonoveu. When you say a satellite of the Earth, you mean 
from a station as distinguished from a deep-space probe? 

Mr. Wyatt. Yes, sir. Mercury is only going to go in orbit for 
about 414 hours. Because it contains a man, it is necessary to know 
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yery accurately and very instantaneously exactly where this is at all 
moments of the flight. 

Now, these kind of data cannot be obtained rapidly from our mini- 
track system. It actually requires perhaps 8 hours to get a full and 
accurate orbit determination of a satellite tracked by minitrack, 

The whole Mercury flight from beginning to end will only last 
about 4144 hours. Hence, we are putting into operation a semiperma- 
nent network that we will call the Mercury net. It is about 18 sta- 
tions, including the control center at Cape Canaveral, and the control 
center at Goddard, especially equipped to handle this very special 
case of a low altitude satellite that must be tracked instantaneously 
and very precisely throughout its entire flight path. 

Now, the “funding” indicated here is only the funding for the trans- 
mission of data from these Mercury stations back to the central control 

ints. ‘The remaining operating costs of the Mercury networks are 
Seated under the man-space flight program, because they can be 
uniquely identified as part of the costs of the manned space flight pro- 
gram, whereas the minitrack and deep space network service a large 
number of programs, and hence we can’t allocate their operating ex- 

nses against any particular one. 

So, the $5,450,000 indicated here for the operation of the Mer- 
cury stations is actually only for the data transmission links—the 
cables and radio networks required to bring this data back to the cen- 
tral data points in the United States. 

Now, in addition to these networks, which are NASA-owned and 
operated under contract, we also find it desirable and important to 
supplement our data collection with other equipment from time to 
time. 

For example, I indicated at the present time that we have in our 
deep-space net only the Goldstone station actually operational. Hence, 
when we make a deep-space probe at the present time, we can only 
see it part of the time, approximately a third of the day from the 
Goldstone station, and it would be out of sight the other two-thirds of 
the day. 

There is a sum indicated in this budget in the amount of $300,000 
for funds for the Jodrell Bank radio telescope operated by the Uni- 
versity of Manchester in England; in other words, we utilize that 
telescope to supplement the Goldstone telescope and give us a great- 
er coverage at the present time. 

oe McDonovucu. When you say in sight, you mean in physical 
sight ¢ 

Mr. Wyarr. In physical sight, because these radio frequencies can 
only be picked up on a direct line of sight. They are like FM or 
TV transmission, for that frequency range. 

So we have in here a sum of money, $300,000 for the utilization 
of the services of the Jodrell Bank telescope as part of our deep- 
space operations. 

Mr. Sisk. Could I ask you a question ? 

Mr. Wyarr. Yes, sir. 

Mr. Sisk. This is in connection with the line of questioning fol- 
lowed by my colleague from California a little while ago. 

England, of course, is interested in the space program, I know. 
It is doing quite a bit of work in this. 
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I assume, of course, that the Jodrell Bank Observatory, which 
is basically financed by the British Government, is fully cooperating 
this $300,000 is only a very small portion ? j 

Mr. Wyarrt. Yes, sir. 

Mr. Sisk. To what extent is that a portion of the cost? The point 
I am thinking of is this: It would seem to me the British are getting 
all the information we get. I am just curious to know the extent of 
cooperation here, even with Fort Churchill in Canada, for exampl 
which you are going to touch on apparently next, and particularly 
those stations in the British Commonwealth. 

I am curious to know to what extent these countries cooperate 
in the cost of any of these programs. I don’t want to throw you off 
on this discussion and get too far afield here, but I do think Britain 
certainly is involved. 

Mr. Wyarr. Yes,sir. May I answer it this way ? 

The sum of money in the support of the Jodrell Bank teleseo 
is more than a token sum, it is not however, I think, the full value 
by any means of the services that we get from the Jodrell Bank 
telescope. 

It is actually a sum estimated from requirements for the tracking 
of a certain number of either peculiar satellites or space probes for 
a certain estimated number of days throughout the year. 

But it is not the kind of an expenditure where they would bill us 
exactly, “we put in so many man-hours today and we send you a bill 
for it.” It is a mutual estimate of what we consider a fair share of 
the costs. 

You see, really, the telescope is not designed for these purposes at 
all. It is an astronomical telescope, and we divert it from the normal 
astronomical—radio astronomy usages, when we ask them to apply it 
to the tracking of our vehicle. 

So this is a sum that is mutually agreed at as reasonable, but it is 
not a precise billing, and we feel that we probably get far more 
service than is represented by the dollars here. 

Mr. Horner. It, in effect, in both the case of Jodrell Bank and for 
the Churchill, is a sum of money which makes their facility available 
to us on our schedule as opposed to the schedule that would be de- 
manded by their ongoing program. 

Mr. Wiucove. Do you know whether Jodrell Bank is receiving 
funds from any other American agency # 

Mr. Horner. Jodrell Bank in the past has received funds from the 
Air Force. However, it is uniquely a deep space device, because of 
tracking rates that are permitted and its capabilities. 

Since the deep space exploration function has been entirely within 
the NASA responsibility, all of the support of Jodrell Bank in that 
activity has been supported by NASA. 

Now, as Mr. Wyatt mentioned, Jodrell Bank was—the scope was 
originally designed as a radio astronomical device, and I’m not sure 
they may not receive funds from the National Science Foundation, 
for example. I just don’t know. 

Nobody else in the United States is paying them for support of the 
space program. 

Mr. Sisx. Go ahead, Mr. Wyatt. 
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Mr. Wyarr. The chairman raised a question regarding Fort 
Churchill in Canada. This is a little different arrangement. This 
js a sharing of the cost between the Department of Defense and the 
NASA for maintaining this base at Fort Churchill, which we use in 
our sounding rocket program, which has special equipment for the 
sounding rockets. It is an advantageous site, scientifically speaking, 
because it is near the magnetic pole, and allows us to penetrate into 
the auroral zones, where there is a certain focusing of the magnetic 
fields, and consequently the particles tend to be peculiarly focused at 
that point. It is a very attractive scientific site for the study of 
ionospheric and energetic particle areas. 

The sum here is arrived at by agreement between the Department 
of Defense and the NASA on the sharing of expenses for the main- 
tenance of that base. 

Mr. Sisk. Why did it go up $50,000 ? 

Mr. Wyarr. This is an estimate that the operating costs will go up 
slightly. 

Mr. Sienews: It is an estimate based upon the projected number 
of flights, number of experiments out of Fort Churchill. 

Mr. Sisk. Is that the reason why our payment at Jodrell Bank 
went up from $200,000 in fiscal year 1960 to $300,000 in fiscal year 
1961? 

Mr. Wyarr. That is based on an estimate of the number of flights 
we are going to ask them to track, and the duration of time we will 
ask them to do tracking. It is related to the flight schedules in both 
places. 

Mr. McDonoven. Mr. Chairman. 

The largest increase is for “All other.” What does “All other” 
mean ? 

Mr. Wyatr. Well, these are for other tracking facilities through- 
out the world. The reason for the very large increase here is we 
will be getting into operation with our meteorological satellite Tiros 
in this coming fiscal year, and in order to supplement the tracking 
facilities to give us the optimum data coverage with the Tiros satel- 
lite, we found it desirable to set into motion several stations, special 
stations, actually operated by the Signal Corps. 

And this is our share of the expenses of operating the stations at 
Deal, N.J., and at Kaena Point, Hawaii. That is the primary reason 
for the increase in this particular item. 

This program has not reached the active flight stage, or will not 
until fiscal year 1961. We have not yet used these stations. 

Mr. Sisk. Right along that same line, going back just one jump 
there, to the operation of Goldstone. For example, in fiscal year 
1960, you are apparently using $1,400,000, and you are only request- 
ing $1,250,000 in the coming year. 

Why, in view of your stepup in programing, did your costs for 
Goldstone in California go down? 

Mr. Wyarr. Primarily because these sums include not only the costs 
of personnel operations, by contract, but also certain special equip- 
ment that are added to the station from time to time. 

I do not have a list, but in fiscal 1960 we had some special equip- 
ment costs that are not reflected in the fiscal 1961 budget. Hence 
the actual sum involved in the operation of the station, including 
special items of equipment, is a little lower. 
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Mr. Horner. The original construction of these stations, Mr. Sisk, 
is out of the construction and equipment allocation. After the sta. 
tion is constructed, minor modifications and equipment additions 
come out of the “Research and development” account. This is the rea. 
son for the fluctuation in the “Research and development” account, 

Mr. Sisk. That is what I was trying to get clear in my mind all the 
time. Of course, this budget has the construction and equipment 
request in a completely separate section. Salaries and expenses are 
over in another separate and complete section. Still, to a certain 
extent, we are dealing here with what in essence are salaries and ex- 
penses, and to some extent equipment, are we not? 

Mr. Wyatt. What we call minor equipment, yes, sir. 

Mr. Sisk. It is a little difficult to understand ‘ 

Mr. Wyarr. I can assure the chairman in arriving at the cost esti- 
mates, it does not reflect a reduced use rate for Goldstone during 1961, 

Mr. Sisk. Go right ahead, Mr. Wyatt. 

Mr. Wyartr. Well, proceeding down, we have $2,100,000 in here for 
operations at the Atlantic Missile Range and Pacific Missile Range 
stations. These are to cover ep costs incurred in the support of 
our poe that are frequently chargeable to the programs and are 
not borne by the Atlantic and Pacific missile ranges as a part of their 
general overhead account. 

There are quite a variety of these things. Special equipment usage 
that we have to have, special airplane uses for tracking, for checking 
out some of our equipment, the use of some of the special telemetry 
ships on certain flights, the fuels that we use in our missiles. 

And there are in these accounts some minor modifications to equip- 
ment, where we actually modify equipment owned by AMR or PMR. 
We pay for that modification if it is peculiar to our own uses. 

These sums taken together represent our estimate of these expenses 
during fiscal year 1961. 

You will notice that in both AMR and PMR there are increases 
over fiscal 1960. This again reflects the greater activity level of the 
flight program in this forthcoming fiscal year as compared with the 
one we are in now. 

Mr. Sisk. Let’s take the $114 million allocated to the Atlantic Mis- 
sile Range. Does the majority of that go to Pan-American Airways 
under its contract ? 

Mr. Wyatt. No, sir, not to Pan Am. I can give you just asa 
general idea, about a little over a fifth of this will be for propellant 
charges. We will pay this to the Atlantic Missile Range in return 
for the fuel and oxygen they supply to us in our vehicles. 

Mr. Sisk. It is my understanding that Pan American is operating 
the Atlantic Missile Range, aren’t they, under contract with the Fed- 
eral Government ? 

Without intending any criticism, I was curious to know if basically 
this sum will be paid by NASA to Pan American in the overall opera- 
tion? Or, are these funds going specifically to the Air Force, let’s 
say, or to some other branch of the military service in payment for 
something it has done, and, in turn it, pays Pan Am? 

I am trying to trace how these funds are handled. 
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Mr. Horner. Pan American under contract with the Air Force has 
the responsibility of operating the Cape Canaveral downrange 
stations. 

Mr. Sisk. Right. 

Mr. Horner. This does not provide for logistic supports for the 
research and development operations, for example. It does not pro- 
vide for unique ground servicing equipment requirements. d 

Most of our money is in these categories, and therefore I think 
none of the money that we are talking about here goes to Pan Ameri- 
can. It goes to—some of it, to other contractors. 

There is a big fraction of it that goes for the payment of propellent 
charges, which we will contract for through the Air Force supply 
system at Patrick Air Force Base. 

Mr. Rreuuman. Could I ask what would be the number of per- 
sonnel involved in this operation? Do you have any idea, in the 
Atlantic Missile Range, the number of personnel ? 

Mr. Wyatt. As a whole, for the whole range ? 

Mr. Yes. 

Mr. Horner. I’m sorry, Mr. Riehlman, I did know but the number 
slips my mind. 

r. Rmeuiman. Is it a sizable number / 

Mr. Horner. It is a very large operation. 

Mr. Rrentman. Is that included in the $1,500,000 ? 

Mr. Wyatt. No, sir. This does not go to pay the ordinary operating 
charges of the Atlantic Missile Range. That is funded by, I pre- 
sume, the Air Force budget. 

Mr. Horner. We do not reimburse the Department of Defense in 
any way for the normal day to day operation of the Atlantic Missile 
Range. This does appear in the Air Force budget. 

We Pay only for those charges that are unique to our program that 
are peculiarly there because of a specific launch operation that we 
have. 

So we do not pay for the total personnel complement of Pan Ameri- 
can, for example. 

Mr. Rreutman. But NASA does have some personnel there at the 
Atlantic Missile Range? 

Mr. Horner. We have assigned a smal] number of liaison personnel 
there as liaison to the Atlantic Missile Range, and of course when 
we take responsibility for the Huntsville group, we will also have at 
that time assigned to us the Missile Firing Laboratory, the personnel 
of which are largely located at the Atlantic Missile Range. 

Mr. RreuitMan. Well, would that cost be reflected in this $1,500,000 ? 

Mr. Horner. No, sir, the cost for those people are in salaries and 
7. They are direct employees of NASA. 

r. Reitman. So this is for propellant 
— Wyarrt. I have a listing of typical items here. I might read 
them. 

Propellants. 

Such small items as telephone toll charges that were included. 

Overtime pay for certain civilians. This comes about because in 
our base charges, we are charged by the Ballistic Missile Division, 
for example, for a missile launched. We pay them for the missile u 
in the air. But if for one reason or another we have to hold a parti- 
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cular phase of a launch over a certain number of hours, then of course 
a number of people have to go on overtime pay, and we pick this up 
as a Special charge. In other words, it is not included in this base 
a that the Ballistic Missile Division is able to quote us on the 
missile, 

Travel. Special travel by arranged personnel in support of t 
NASA program. That isa bitty small 
_ Then we have a fairly sizable one for Military Air Transport Sery- 
ice flights in support of our activity at the range. 

Equipment modifications, which we have discussed. Special equip- 
ment modifications to the range. 

And then general contracts for various services that we lay on the 
range that are peculiar because we are there and they wouldn’t have 
if we weren’t there. This might be special computer charges. Where 
we asked them to provide us with special computer service as a part 
of the launch that they would not otherwise have to provide, then we 
directly reimburse them, 

But in none of this is there day to day routine operating expense 
involved. 

Mr. Rrentman. You have an increase of over a million dollars over 
the fiscal 1960. 

Mr. Wyatt. Yes, sir. 

Mr. Rreutman. That, you say, is due to the increased activity. 

Mr. Wyatt. Yes, sir. 

Mr. Rreniman. On the range? 

Mr. Wyarr. The number of flights we will be making out of AMR, 
as compared with fiscal year 1960. 

Mr. Horner. Very substantially, Mr, Riehlman, this reflects the in- 
crease in tempo on Project Mercury, because during this particular 
time period we have a very concentrated firing schedule on Project 
Mercury, and it of course, because of the man, is unique in many re- 
spects as far as the range operation is concerned. 

Mr. Rrenuman. That is all, Mr. Chairman. 

Mr. Stsxk. How many launches do you propose to make from Van- 
denberg. You have tripled the expenses on that range. Is NASA 
going to make some shots out there? 

Mr. Horner. In general terms, we will use the Pacific Missile Range 
for all launches which require polar orbits. 

Mr. Wyart. Specifically during this coming year, sir, we will have 
several shots of the analler sounding rocket kinds of vehicles from 
PMR. We will be readying facilities at PMR for use of the Delta 
vehicle that will not actually be fired during fiscal year 1961, but we 
will be installing special equipment in preparation for the Delta 
flights. 

Much of the PMR operational cost here is in equipment being in- 
stalled for flights that will actually take place in 1962, a lesser part 
of it for the actual or specific flight operation there. 

We will have at least four sounding rocket flights from that site 
in this time period. 

Mr. Sisk. Okay, go ahead. 

Mr. Wyarr. All right. 

We come down next to an item, our station at Wallops Island, 
transmits or will transmit its data to the Goddard Space Flight 
Center for central data reduction. 
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We have an item in here for the transmission of data from Wal- 
lops Island to Goddard. Then we have special data reduction serv- 
ices at the site down there. 

These are actually not related to—I shouldn’t identify them as part 
of Wallops. These are data reduction services that are in excess 
of those provided at the Goddard Space Flight Center. 

In other words, we will be using our own computers at the God- 
dard Space Flight Center substantially on the data reduction from 
the flight program. 

We will find from time to time that this equipment is not enough 
to handle all of the flights, all the data coming in simultaneously. 
We will have to use other computers in the area, and we will also 
have a certain load of theoretical computations of orbital calculations 
and this sort of thing not related to a specific flight so that we will 
have to supplement the computers of the Goddard Space Flight 
Center. 

We estimate this $800,000 to be the cost for other data reduction 
services than those that we provide in-house. 

Mr. Sisk. To make a comparison, then, this $21, million 

Mr. Wyarrt. Yes, sir, I should note that, sir. The $214 million 
is because this fiscal year we are operating the Vanguard Computing 
Center on Pennsylvania Avenue under contract. 

We are installing our own computers that we will have in opera- 
tion at Goddard in fiscal year 1961, so we will not be paying the con- 
tract operating cost on the Vanguard Computing Center. This ac- 
counts for the reduction in this particular item between 1960 and 
1961. 

The last item back here in the flight program is for network main- 
tenance and repairs and network spares and materials. 

These are estimates, rather conservative estimates, based on what 
it will take to equip or maintain and repair the sum total of about 
40 tracking stations. To sum up all these stations, the minitrack, 
the optical stations, the Mercury stations, and the deep-space sta- 
tions, this is an estimate of about a little less than $4 million required 
in the way of maintenance and repairs, including spares and ma- 
terials for all of these stations. 

Now, if I may, I wiuld like to go back—I did not discuss the ad- 
vanced technical development area, which amounts to $7,220,000 for 
1961. 

This is for research and development, and the development of 
specialized equipment that will in the future make our tracking sys- 
tems improved over where they are now, 

For example, we have a special problem at the present time. We 
can send a time signal to our stations throughout the world with an 
accuracy of about two thousandths of a second. In other words, we 
can give them a standard instantaneous time within about two thou- 
sandths of a second. This is because a signal passes through a number 
of channels, a number of pieces of electronic equipment. 

This is pretty good if you are trying to keep an appointment, but it 
is not nearly accurate enough, by perhaps, we need 10 times this ac- 
curacy, in order to calibrate all the stations and know instantaneously 
where the satellite is at the time we take data. In other words, to give 
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them a very exact time calibration, so that we can calculate the orbit 
very precisely. 

We have considerable amount of research and development planned 
in trying to improve the time accuracy so that we can transmit a sig. 
nal around to all of these stations so that we can get improved orbital] 
calculations. 

The computer out here at Goddard will be going into operation, and 
is going to Soe to handle a tremendous amount of data. 

ust reams of data comes forth from each one of these satellites, 
and as time goes on we are going to have more and more simultaneous 
satellite flights. 

We want moneys to study how we can best utilize the data, or uti- 
lize the computer to reduce these data. It means mechanizing proc- 
esses as we go through, so that we can take more and more data and 
put i through the same number of computing machines, and get the 
results. 

There is a tremendous amount of work that needs to be done, be- 
cause we are trying to handle a volume of instantaneous data here far 
in excess of what the general practice is. 

We want to do some work toward improving our optical network 

stem, in particular this is aimed along one line. We hope to fly in 
the next several years what is known as a geodetic satellite. That is 
a satellite that will have a flashing light and that can be tracked by 
very precise optical methods that will tell us very, very precisely 
where it is. e optical methods are far more accurate than any of 
the radio methods we have at the present time. 

However, we feel that the present optical systems that we use, Baker 
Nunn cameras and this sort of thing, are not as precise and not as 
accurate as we would desire them to be to get the utmost accuracy 
from this geodetic satellite. And hence we propose to do reseach and 
development in the improvement of the optical systems. 

Now, we have an item through here in the advanced technical de- 
velopment that is about consistent over a 3-year period, around 
$500,000 a year, called the research and development in Mercury 
tracking net techniques. 

This is actually a contract with the Lincoln Laboratories of Massa- 
chusetts Institute of Technology, more or less as technical consultants 
to us, on setting up and refining this Mercury tracking network, not 
only for the immediate problem of tracking Mercury, but to improve 
the system so that for future man flight we will have an optimum 
tracking system since it is such a vital part, the safety of the man isat 
stake, it is a vital part of any kind of a flight operation. 

Then, we are concerned with improving our deep-space tracking 
dishes, not just the dishes themselves, but the whole deep-space track- 
ing stations. 

As we visualize flights far beyond the Moon, out to the nearby 
planets, and as we visualize flights to the Moon that will require a 
considerable amount of ground command from the Earth to the 
vehicle to perform a certain maneuver at a certain time, it is obvious 
to us that the present deep-space equipment is not of sufficient ac- 
curacy, or state of development, I should say, and hence we propose 

to do research and development in trying to improve what we call 
the gain of the antennas. 
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The gain is the amount of amplification of the signal. 

I believe it was cited in testimony before you that the transmitter 

ower of the Pioneer probe that went by the Moon was of the order 
of two-tenths of a watt transmitted power, about what you get from 
a two-cell flashlight. 

It is necessary to take this very weak signal, which of course is 
dispersing in all directions, to collect it with these very large dishes, 
and then to amplify it as much as possible to make it intelligible. 

Hence we get into problems where just the temperature of the 
senser elements alone introduces static, or distortion into the signal. 

And so some of our work is directed at going in improved directions 
toward receiver elements that are maintained at liquid helium tem- 
perature, minus several hundred degrees Fahrenheit, in order to cut 
down the noise level generated within the equipment itself, so that 
we can take this very faint signal and track it even farther, and track 
it even more accurately. 

These sorts of things are represented. 

Altogether, although the present state of the tracking station art 
is at a point where, as I mentioned earlier, we can consider our track- 
ing stations to be useful day by day tools, we do appreciate, we do 
realize very keenly that as we try to perform more difficult missions 
in the future, it is going to be necessary to have even more precise 
tracking equipment. And the sum of $7,220,000 that we request under 
advanced technical development item is for the research and devel- 
opments on these components and subsystems that will lead, we hope, 
to this improved capability in the future. 

Thank you. 

Mr. Sisk. All right. 

Thank you, Mr. Wyatt. You did a very good job of explaining a 
rather complex number of problems. ; 

On your present program, you are operating with $16,266,000 in 
this particular portion. Is all of that money going to be used? Is 
all of it committed? Are you going to have any carryover ? 

I realize it may be a little difficult to break down these programs 
by items, but I was a little bit curious as to what extent 

Mr. Wyarr. Sir, I don’t recall the number precisely, but as I recall 
our latest programing plans, the carryover, if any, is going to be 
measured in hundreds of thousands of dollars, low hundreds of thou- 
sands of dollars, that we will not actually have programed and com- 
mitted by the end of this fiscal year. 

A good many of these charges are rather firmly known, because 
they are negotiated contract charges for the operation of these sta- 
tions in all. Others are of course estimates in the research and devel- 
opment field. 

But we are far enough along this fiscal year now, I feel I can say 
safely there is going to be very little of this money that we will be 
able to carry over into 1961. 

Mr. Sisk. And you have firmly enough committed already so far 
as contracts and other material and equipment and so on that falls in 
this category, that you very definitely will need the amount, the 32 
ion us, which is double what you had this year, for the coming 
year? 
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Mr. Wyarr. We believe that this is a tight figure that we cannot 
operate with any reduction in it. : 

Mr. Sisk. Does the gentleman from Indiana have any questions? 

Mr. Rovusu. I have no questions, Mr. Chairman. 

Mr. McDonovuen. No questions. 

Mr. Rreutman. Not a thing, Mr. Chairman. 

Mr. Sisk. Mr. Morris? 

Mr. Morris. No, Mr. Chairman. 

Mr. Sisk. It looks like you did a pretty good selling job on this. 

Mr. Hines. 

Mr. Hrnes. I don’t believe I heard you list other countries that 
will be cooperating with NASA on tracking, outside of Jodrell Bank 
and Fort Churchill. Can you tell us what other countries will be in 
this program? Will Japan, for instance, assist NASA in tracking! 

Mr. Wyatt. We will have stations in Japan. 

Australia, in particular, has been most cooperative. 

We have several stations, actually, a minitrack, a Mercury, and a 
deep-space station, all in their Woomera complex. They have been 
most cooperative and assumed a large fraction of the operating costs 
of much of that equipment. 

Mr. Hines. Will they be using some of their own equipment ? 

Mr. Wyarr. Yes, they are using their own equipment. By and 
large, all of our stations are operated using local personnel. We 
generally have—for example, in the minitrack stations, we have a 
NASA station manager. 

We try wherever possible, however, to use the local people. For 
example, in some of our South American stations, the contracts are 
actually with the University of Chile, for example, and the University 
of Chile provides the operating personnel, except for the station 
manager. We do this wherever possible. 

Mr. Hines. Are your negotiations with these countries through the 
State Department, or is it done directly between NASA and the coun- 
tries concerned ¢ 

Mr. Horner. The original negotiations and contacts are made 
through the State Department. We directly, then, deal with some 
technical entity in the foreign country. 

We have established relationships now with substantially all of the 
countries we intend to do business with in the next couple of years. 

Mr. Hines. I see. 

Is there anything to prevent you from making a contract directly 
with private organizations within any of those nations ? 

Mr. Horner. No. As a matter of fact, we have many such con- 
tracts and we have others under negotiation. 

Mr. Hines. Thank you. 

That is all. 

Mr. Sisk. Mr. Wilcove. 

Mr. Wicove. Looking forward to the future, after fiscal year 1961, 
do you estimate any additional funds will be needed for further com- 
pleting the tracking and data acquisition network? 

Mr. Wyarr. For completing the construction and equipment fund! 

Mr. Wiucove. For additional network. 

Mr. Horner. We will have a continuous requirement for funds to 
bring into operation the anticipated improvements which will come 
out of our technical development program. 
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We certainly have a requirement to improve, for example, the deep 

ace net. 

P We will have to provide improved components, improved elements, 
into those stations if we are going to accomplish the missions that we 
have planned. 

Mr. Wyarr. I might point out as a typical example, Mr. Wilcove, 
one of the research and development areas we are looking into is that 
of running the frequency of the Minitrack stations up to around 
2,000 cycles, where we are now at either 108 or 136. We are going 
to the 136 figure. 

Now, if we can go to 2,000-cycle operation with those stations, it 
will permit us what is known as a much broader band width by which 
we can transmit data. 

The band width is significant in this sense, that in telegraphy, for 
example, it does not take much frequency spectrum to send a tele- 
graph signal, because it is a very simple signal and you don5t have to 
have very many cycles of radio spectrum in order to get the data 
across. 

A telephone, or telephonic wireless communication requires a some- 
what broader band width because you have to have enough frequency 
spectrum to translate the modulations of the voice. There are tonal 
qualities, and inflections, that require that you use a broader chunk 
of the radio spectrum in order to get them across intelligibly. 

If you come to something like television, it requires perhaps 1,000 
times as much band width as a telephonic link in order to get the 
very complex television eye across. 

en we operate at the frequencies in the minitrack system that we 
are now, that is down in the hundreds of megacycles, we actually are 
restricted to operating with very few kilocycles, or a thousand cycles 
of band width, and this means that we can only transmit fairly simple 
signals back. 

Ve spoke of the kinds of signals, whether they are dot-dash, or 
whether they are frequency variations, we are constrained to operate 
with very narrow band widths. 

Now, if in the future we want to transmit data such as television 
pictures, and this sort, we will have to go to a broad-band width, and 
hence, because of the crowding of the radio spectrum, we think that 
around 2,000 cycles a second would be an attractive place to go. We 
could get lots of band width. 

So we will be doing research and development on trying to work 
out the problems of using the minitrack at 2,000 cycles. If this works 
out, then several years in the future we will probably be requesting 
construction and equipment money in order to modify the minitrack 
stations to permit them to operate as operational stations at this 
higher frequency. So this sort of thing will go on from time to time. 

r. McDonoven. You don’t have to go through the FCC for these 
frequencies, do you? 

Mr. Wyarr. We don’t go through FCC, but we do have to get an 
allocation of frequencies made to us. We can’t just go in and say we 
are going to operate on this frequency. It is a frequency assigned 
internationally. 

Mr. McDonoven. I see. 
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On your Mercury tracking net technique here, does that provide for 
transmission of communication by voice 

Mr. Wyatt. Yes, sir. We have voice communication. We have 
telemetry communication of the sort we have been talking about from 
the satellites. Those are the two principal areas. It is telemetry 
channels and then the voice channels. 

Mr. McDonovexu. What about television ? 

Mr. Wyatt. No, sir. There is no provision at the present time for 
anything of the magnitude of band width of the television sort. 

Mr. McDonoveu. Mercury will be at what distance away from the 
Earth in its orbit ? 

Mr. Wyarr. The farthest vertical distance will be around 190 
miles or so. However, lateral or straight-line distances might be per- 
haps 500 miles, from a given receiving station. 

Mr. McDonoveu. “a have no problem of communication at that 
distance ? 

Mr. Wyatt. Well, we have a very real problem, in that we have to 
space our stations fairly close together so we don’t lose the vehicle 
for extended periods of time between stations. Because again the 
transmission will be primarily on a line of sight. 

We do have a back-up voice transmission system that is in the short 
wave, and theoretically we can talk from any one station around the 
world to the capsule. 

However, our principal system is a line of sight frequency system, 
the one that we rely on, and the one we have to rely on for the data 
transmission of the telemetry data. 

Mr. McDonoveu. In the shots with the Mercury capsule that you 
put the monkey in—— 

Mr. Wyatt. Yes, sir. 

Mr. McDonoven. And which you recovered, did you get any sound 
effect from inside the capsule from the monkey? Did he make any 
noise that you could hear? 

Mr. Wyatt. No, sir. We did not have a transmitter in that par- 
ticular experiment for that particular quantity. 

We have made noise measurements not in vehicles with monkeys, 
but we have made noise measurements. 

Mr. McDonoveu. I see. 

Mr. Wyatt. Inside. 

Mr. Witcove. With the exception of funds you might need for 
improvements, are the funds you are requesting for 1961 sufficient 
to meet your program needs? 

Mr. Horner. Mr. Wilcove, the funds that are in this particular ac- 
count are for the operation of the stations, and this will be a repetitive 
annual requirement. 

It is likely that it will increase a little bit over fiscal year 1961 
because we have not quite reached the level of operation which we 
anticipated in our 10-year plan that we showed the committee earlier. 

As far as the construction and equipment account is concerned, the 
bulk of our requirement is in the fiscal year 1961. 

There will be, I think we can anticipate, occasional additional re- 
quirements in new construction, but we will have established, we will 
have largely established the framework of our total space communi- 
cation system. 
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Mr. Witcove. The annual sum for operation will run each year 
somewhat above the amount you have allocated ? fas 

Mr. Wyatt. I think it will go somewhat higher than $3214 million 
as time goes on. We will have more flights. ‘This means we will have 
to have more equipment. 

In some of the areas we have to have more personnel, because the 
personnel now work either one shift or two shifts, but as we get 
more and more flights simultaneously we will have to operate some 
of these stations on an around-the-clock basis. It will be necessary 
to add third-shift employees and this sort of thing. 

Mr. Witcove. When you get around to the circumlunar shots, both 
manned and unmanned, will you have to make any substantial ad- 
ditions ? 

Mr. Wyatt. We will probably have to make equipment additions. 
We may not have to add dishes, as such. I am not positive whether 
the construction program calls for a command and receiving dish 
at every station. 

We do have them at Goldstone. Eventually, we may have them 
at the other two stations, South Africa and Woomera. 

When we get to something as specialized as the circumlunar flights, 
we will probably have to put special command electronics equipment 
into these dishes that will be tailored for that particular mission. 

I cannot speculate in detail as to what this will be, but I would 
expect a major undertaking as that would have its side effects of re- 
quiring some special ground equipment to follow it. 

Mr. Witcove. You don’t anticipate any substantially new techni- 
ques will be needed for that ? 

Mr. Horner. Well, we certainly need improvement over current 
techniques, or we need new techniques for that operation. 

Mr. Wyatt. Yes. 

Mr. Horner. Probably earlier in our program than that, however, 
there is the possibility of a major influence in the operations of ground 
stations in any applications of satellites. 

Our applications program now in meteorology and communica- 
tions, for example, is purely an experimental effort. If we are suc- 
cessful in these efforts, and there is a nationally supported require- 
ment for a space base meteorological system, there will have to be a 
major augmentation of the ground facilities in order to accommodate 
such a system, whether it is done in our program or the program of 
the Weather Bureau or the Defense Department. This question 
hasn’t really been resolved yet. 

Mr. Witcove. Just one more thing. 

Can you cite the government, semigovernment, and private agencies 
involved in the administration of your network and data acquisition 
program ? 

Mr. Horner. In terms of in-house versus contract-type operations? 

Mr. Wyarrt. I am not sure I can answer that wholly, Mr. Wilcove, 
but let me run down and see if this is what you are seeking. 

The Minitrack system is administered by the Goddard Space Flight 
Center, part of NASA. through a contract with the Bendix Aviation 

Tp., private company. 

The Deep Space Network is administered by the Jet Propulsion 
Laboratory, which is under contract to the NASA, as a semi-NASA 
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direct. organization, certainly governmental supported, nonprofit 
actually. It is operated by the California Institute of Technology, 
under contract to us. They are administering the whole three sta- 
tion Deep Space Network. 

The Optical Station Network is by contract with the Smithsonian 
Institution. I’m not sure by your definition whether you call it semi- 
governmental, or nonprofit. 

The Mercury Network is a little more complex. It is being op- 
erated partly by personnel or will be operated partly by personnel 
under contract to the NASA, and partly by the Department of De. 
fense, utilizing the Department of Defense wherever possible, and the 
contractors to the Department of Defense. 

I’m not sure whether this is wholly responsive to your question, 

Mr. Witcove. Pan American World Airways would also be a con- 
tractor ? 

Mr. Wyarr. As a contractor to the Atlantic Missile Range, yes, 
sir. 

Mr. Wiucove. Thank you, very much. 

Mr. Sisk. All right. 

Are there any further questions on the tracking and data acquisi- 
tion part of the program ? 

If not, that completes our various programs with the one excep- 
tion which we skipped over the other day. ‘That has to do with the 
nuclear systems technology, which we will be taking up Friday 
morning, at which time we will have AEC people testifying. On 
Friday afternoon we will conclude with your people. 

In going back over this in general, starting on page 168, where we 
start with the vehicle system technology down through the other 
three major items, I think that there might be some general questions 
the members of the committee would like to ask. 

I know I have one in mind. So while you people are still before 
us, we might take just a quick few minutes here and briefly run back in 
case there are any questions. 

The gentleman from California, Mr. McDonough. Do you have 
any further questions? 

Mr. McDonoveu. With reference to what? 

Mr. Sisk. I am referring to the whole bundle now. 

Mr. McDonovexu. What page are you on ? 

Mr. Stsx. Going back to the beginning, page 168. In other words, 
starting with vehicle systems technology of $21 million, space pro- 
pulsion technology, and after that solid rockets and liquid rockets, 
and the various vehicle programs, such as Scout, Delta, Vega, Cen- 
taur, and Saturn. 

I thought while we had Mr. Horner and Mr. Wyatt before us this 
afternoon, that if there are any further general questions you would 

like to question them further about the program or the moneys in- 
volved herein. 

If there are not, why then we will dismiss them and proceed into 
executive session to see to what extent we can formally approve, dis- 
_—— or change, as the case may be, the funds in the various sub- 
totals. 

Mr. McDonoven. No, I have no questions, Mr. Chairman. 

Mr. Sisk. The gentleman from Indiana. 
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Mr. Rousu. I have no questions. 

Mr. Sisk. The gentleman from New York. 

Mr. Riruiman. I have no questions. 

Mr. Sisk. The gentleman from New Mexico. 

Mr. Morris. I have no questions, Mr. Chairman. 

Mr. Sisk. I have one question I would like to inquire into, and this 

oes back again to the one we talked around quite a bit. I will not 
make this long, Mr. Horner. But a couple of days ago—lI believe 
it was a couple of days ago—in a discussion on the F—1 engine, which 
we went over rather thoroughly, I think, in answer to a question 
which I asked you with reference to maximum development, you indi- 
cated, as I recall, that the amount of money involved here would not 
represent or permit the maximum development. ut. fo 

Now, the reason I am asking you the question now is this. Are you 
in a position to recommend, either as an individual or on behalf of 
NASA, any addition to that $63 million fund which is here devoted 
to the liquid rockets. Do you get the point of my question ? 

In other words, if under that portion of the program devoted to 
the F-1 engine, you feel that the amount of money budgeted here 
does not permit the maximum development, could you give me a 
figure wherein you believe a maximum development could operate? 

I am speaking actually of the $41 million now, on page 176 of the 
backup books. It is a part of the overall $63 million under rocket 
propellants. 

I don’t mean by this question to put you on the spot in any way. 
This may be a question you would prefer not to answer now. Per- 
haps you would like to think it over and submit it to us within the 
next day or so, 

I will tell you frankly why I am interested. I am concerned about 
this particular program going ahead. I intend to continue my in- 
terest and concern in the hopes that the agency, through the other 
agencies who are in a position to do so, will give this development a 
DX priority. I’m going to continue to be interested in the push on 
that thing within the balance of reason, believing very firmly it repre- 
sents the foundation vehicle, so to speak, that might give us some 
accomplishment in this so-called race in which we are indulging in 
at the present time. 

Do you have any comment at all that you want to make? 

Mr. Horner. I can make a few brief comments now, Mr. Sisk. 

Mr. Sisk. I don’t mean for you to go back and review the whole 
matter, but you recall that when we were discussing this I asked a 
specific question on maximum development, and you said, I think 
in fairness, you felt possibly this is what you would normally use 
in the orderly procedures under which you are going. If I’m not 
mistaken, your answer was this: “The answer to your question then, 
Mr. Sisk, is, ‘No, it is not enough.’ ” 

That was in answer to a question in which I had said, “Well, of 
course, that is the thing that gets on my nerves a little bit, this hedg- 
ing around on the terms when I think we should be moving ahead 
at the maximum rate of development. This is not a criticism of your 
terminology because I realize you are under the gun.” 

And then your answer was: “The answer to your question then, 
Mr. Sisk, is, ‘No, it is not enough.’ ” 
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Mr. Horner. Yes, sir; I recall that. 

I think I can best put this in context by saying that I would give 
the same answer to a similar question concerning every other element 
of our program. 

Mr. Sisk. Sure. 

Mr. Horner. I don’t, offhand, think of any element of our program 
that couldn’t use more resources iin accelerating the development 
cycle. 

Nt is our objective, in managing the program, to use the resources 
that are provided to us in producing the best balanced and the most 
efficient program we can. 

In the context of the program that we have presented with our 
authorization request, I would not recommend any further increase 
of the F-1 engine support, because I think it would produce an 
imbalance. 

Now, you must recognize this is a judgment in an area of extremely 
difficult judgments. And I couldn’t say an additional million dol- 
lars, or a million dollars less, is any worse or any better for this par- 
ticular balance. But we think that this is reasonably close, and that 
it is certainly our judgment it is the proper balance of rate of 
development for the F—1 engine in the context of our overall program, 

I think I mentioned at that time that there is some danger that we 
can become overfascinated with the requirements of propulsion, sim- 

ly because this is the thing that has been brought to our attention 

y international situations at the moment. 

I think it would be terribly wrong for us to concentrate solely on 
development of propulsion devices and have no realistic way to use 
them when they are available in operational form. 

As regards the question of priority, I think I explained the pri- 
ority system and stated earlier that a DX priority appended to this 

articular development would not in any way help it as far as carry- 
ing on the development. 

fr. Stsk. The gentleman from Indiana, I believe, was seeking 
recognition. 

Mr. Rovusn. Perhaps this has been answered now, but if this engine 
was assigned a DX pied would it require more funds than the 
$41 million? And if so, how much more would be required ? 

Mr. Horner. The assignment of the DX priority has no direct 
relationship to the level of financial support. 

Mr. Rousn. DX priority, as I understand it, relates to the matter 
of procuring materials. It has nothing to do with such things as 
overtime, additional effort, and what have you. Is that correct, 
Mr. Horner? 

Mr. Horner. I don’t know as it is accurate to say, Mr. Roush, it has 
nothing to do with these things. 

There are indirect relationships in that if you have a roadblock 
because of the unavailability of certain key materials, then this ob- 
viously does affect whether or not you use overtime on the project. 

Tt has that sort of secondary relationship. But we have not had 
these kinds of problems with the F-1 engine, and we are advised these 
kinds of problems are not likely to occur. 

Mr. Wyarr. If I may, Mr. Roush, on this point: The DX priority 


in application is used when you need material and the vendor says, 
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“Well, you’ve got to get on the end of the line—I’ve got a long list 
of customers.” 

You just show him the DX priority and say: “I will take the next 
one that comes off.” 

It does not, without funds, permit you to say: “Well, put on more 

ople.” 

If you can pay for people, you can sometimes get it with or without 
a DX priority. If widgits are in short supply and you say you 
want a widgit, he says he is making that widgit for another man, 
but if you have a DX, the other man has to get back in line again. 

It does not have any direct influence beyond the dollars, and in 
many cases if you have the dollars you don’t need the priority. In 
other words, you can tell the contractor to put on another 200 men, 
and I don’t know that the DX priority helps him hire those men. It 
has no premium in the labor market. 

Mr. Horner. It has also been useful in practice in interrelated work 
within Government laboratories. In other words, Government lab- 
oratories recognize by practice a DX priority in giving relative posi- 
tion to work in their laboratories. 

So in those projects where there are a number of different Govern- 
ment laboratories at work on the project, such as this Project Mercury, 
for example, a DX priority is useful even if there aren’t any direct 
material shortages. 

This is not true in the case of the F-1 engine. This is all under 
the work of one contractor. 

Mr. Rousn. I wasn’t here in the discussion before, and because I 
wasn’t, I am not going to pursue this any further. 

Mr. Stsk. I appreciate the fact that we did go into that rather 
extensively, and you might check the record on that. 

I have been interested in this F-1 program and I don’t altogether 
agree, and I don’t necessarily disagree, with the statement by the 
gentleman, but I am concerned about a top priority on this F-1 engine. 

Regardless of this explanation of material being involved in the 
so-called DX priority, whether it be a DX or whatever it is, I want 
to see the highest possible use made of moneys available to you for 
its development. 

In other words, I’m concerned about its priority, so far as its call on 
the dollar, plus its call on the technical know-how, and the knowledge 
and the abilities and the scientific information is involved. 

It is all one ball of wax. If it isn’t DX, it is VPX, or something 
else. I don’t care what it is called. 

You know what I’m concerned with, which is giving the F-1 engine 
top priority, which I don’t think it has at the present time. What 
I’m concerned with is what seems to me to be a little bit of com- 
placency on this particular thing, but we won’t go back over that 
again now. 

Mr. McDonoven. I am just trying to summarize your thoughts and 
the thoughts of Mr. Horner here. 

It seems to me he is informing us he is asking for a specific sum of 
money here which he can physically, economically and practically 
spend on this project during this fiscal year. 

But it seems to me that there is also authority in the original act 
that permits the Administrator to shift funds to some other project 
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if he needs to, so that the $41 million is not a static sum of money, 
If he should find a breakthrough where he could speed up the work 
faster and use the money for some other project and take it away, 
hold back on one, and improve on the other, the money is there. 

Mr. Horner. Well, within the total authorization that is available 
to us, we recognize that authority, and we have used it already in the 
program of transferring funds between different research and devel- 
opment projects to better fit our needs during the operating year. 

However, we were not so constrained in forming this budget au- 
thorization. This amount of money represents our assessed judgment 
of the level of support on the F-1 engine, which would produce it in 
balance with the rest of our program. 

Mr. McDonoveu. Yes. 

Mr. Horner. What I’m literally saying is, I would not recommend 
a higher level of support on the F-1 engine without a magnification 
of the whole space program. 

Mr. McDonovcu. Oh, I see. It is part of the system, and it has 
its place in the system in relationship to all the other projects? 

Mr. Horner. That is exactly right, yes, sir. 

Mr. McDonoven. I don’t think there is anything holding you back, 

Mr. Sisk. I might ask you, did you or a representative who is now 
present hear Dr. Pickering this morning when he testified before the 

full committee ? 

Mr. Gieason. We had somebody there. 

Mr. Stsx. He made some rather significant statements on this. I do 
not say he disagrees and I am not trying to create a controversy as 
that is not what we want. We want to proceed ahead and not create 
a controversy, but certainly he made significant statements, one or two 
in answer to my colleague, Mr. Roush, to the effect. we could do things 
right now if we had the additional thrust. We have the equivalent to 
put on there, we have the payload, but we need the thrust. This is 
contrary to the impression you are giving now, Mr. Horner, that we 
have no additional need for thrust. 

I do not want to leave the impression we could not make use of the 
larger vehicle if we had it. If I understood Dr. Pickering at all this 
morning, and if I understood Dr. Von Braun, and others, we desper- 
ately need more thrust. 

Maybe we do not need a million and a half pounds, but I do not 
think you want to leave the impression that we could not quickly make 
use of some additional thrust over what we have available now. 

Mr. Horner. No, sir. I certainly donot. We are spending almost 
half of our budget in that objective. 

Mr. Sisk. That is the point I wanted to make. I did not want to 
leave the impression, or have the impression left, that it was going to 
be 1970 before we were going to have need of this and that, as we 
moved along here, it would come along only at atime when we needed 
additional large-size boosters. This, of course, is part of the real 
cornerstone and concern in the end. 

Mr. Horner. In the final analysis, Mr. Sisk, it boils down to the 
question of how many different developments we work on, at. what rate 
simultaneously to produce this additional thrust that we need. We 
have many that we are now working on. 
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The F-1 engine is one of those. 

What I am saying is that the F-1 engine is being properly sup- 

rted in this budget authorization in balance with all of the other 
things we are doing in this area, also. 

Mr. Sisk. Well, it is my understanding from what Dr. Pickering 
said this morning, and this same thing I think had been stated before, 
that, of course, the ability of the Russians to hit the moon was based 
on the fact that they had in there a substantial amount of guidance. 
It takes weight to put that type of equipment aboard, and therefore, 
they were able to hit the moon. 

Now, after all, if we have—and I have never admitted and I do 
not think you = have admitted that—basically as good guidance 
equipment generally as Russia has, if you follow that to its logical 
conclusion, then, if we had sufficient thrust to put in guidance what 
we had available and the equipment, we could hit the Moon, too. Yet 
we have not been able to do it. 

This is just talking a practical layman’s language, because, after 
all, that is all Iam. Dr. Pickering made this statement this morning 
that we did not have the thrust to put aloft the equipment that we 
needed to really do the accurate job of pinpointing the Moon. 

This is why I wanted to make it clear that if I understand the state- 
ment by these various people, we, in my opinion, desperately need 
additional thrust, and we need it as quickly as we can get it. 

Mr. Horner. Yes, sir. I would need to point out hopefully within 
the next 12 to 14 months, we will fire a vehicle which will produce 
the same load-lifting capability, an equal load-lifting capability that 
the Russians have demonstrated thus far. This is the Atlas-Agena. 

A little more than a year later, we will have another vehicle in the 
early stages of firing, the Atlas-Centaur, which will be two to three 
times larger in its load-lifting capability. 

Two years later we will have the first—2 to 3 years later, we will 
have the first Saturn load-lifting capability, which is on the order of 
eight times that large. 

I just mention these things as illustrating the fact that they are 
working on a systematic approach improving our weight-lifting capa- 
bility, and in the context of bringing along at the same time, not only 
our load-lifting capability, but our ability to use that load-lifting 
capability, we feel we now have the proper balance in the program. 

Mr. Sisk. Any further questions? 

Mr. Morris. No, sir. 

Mr. Sisk. Mr. Wilcove? 

Mr. Witcove. Mr. Horner, I am disturbed, as the chairman is, over 
your statement of several days ago, that the funds requested for the 
1961 fiscal year will not permit the maximum level of development. for 
the F-1 engine. I want to ask you this question: Will you say now 
that for 1961 you do not need additional funds which can be used ad- 
vantageously for the development of the F-1 engine? 

Is that question clear ? 

Mr. Horner. Mr. Wilcove, I have been in this kind of research 
and development program for 15 years, and I have never been associ- 
ated with a program that had all of the funds available to it that 
could be used. I think it would be very wrong for us to provide 


Je 
k 
e 
t 
n 
n 
) 


408 1961 NASA AUTHORIZATION 


the maximum funds that could be used for the F-1 engine in its 
development at the expense of the rest of our program. 

Mr. Witcove. I will put it another way, then. You are not asking 
this committee at this time to vote additional funds other than those 
already requested for the F-1 engine? 

Mr. Horner. No, sir. 

Mr. Witcove. Thank you. 

Mr. Sisk. All right, gentlemen. Unless you have some further 
comment to make, then, I think we will go into executive session, 

I want to say this, Mr. Horner. I realize we have been a bit per- 
sistent at times, but I think you, and Mr. Wyatt, and the other 
gentlemen who were here previously were very fine witnesses. We 
es ar your sincerity and the good job you have done. 

‘ertainly there has been no implied criticism. As you know, we 
are all concerned with this and we are all trying to attain the same 
objective. We sincerely appreciate it. 

I believe Dr. Dryden is coming up on Friday. 

Mr. McDonovueu. I just want to reiterate the chairman’s state. 
ment. I think you have given us some very intelligent and capable 
answers to some rather complex questions, to a bunch of laymen who 
know very little about this business. 

I feel confident that we have an organization there that is devoted 
to doing the utmost to accomplish the objectives we desire in the 
exploration of outer space. 

{r. Horner. Thank you. We very much appreciate the interest 
of this entire committee in our space program. 

Mr. Sisk. Thank you, gentlemen. 

(Whereupon at 3:56 p.m. the subcommittee went into executive 
session. ) 

(The executive session will not appear in this volume.) 
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FRIDAY, FEBRUARY 26, 1960 


House or REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
SuscomMirTeE No. 4, 
Washington, D.C. 

The subcommittee met at 10 a.m., Hon. B. F. Sisk (chairman of the 
subcommittee) presiding. 

Mr. Sisk. The committee will come to order. 

We are very happy this morning to have with us Brig. Gen. Irvin 
L. Branch, U.S. Air Force, Aircraft Nuclear Propulsion. Also Col. 
Jack L. Armstrong. I believe General Branch, we have before us a 
prepared statement from you. 

eneral Brancu. Yes, sir. 

Mr. Sisk. Do you expect to read that statement this morning? 

General Brancu. If you would like to have me do so, Mr. Chair- 
man. 

“07 Sisk. Colonel Armstrong, will you have a statement of your 
own 

Colonel Armstrona. No, sir. 

Mr. Sisk. Are you more or less just here to back up General 
Branch ? 

Colonel Armstrona. I am assisting. 

Mr. Sisk. All right. 

General Branch, you may proceed to give us your statement. We 
would be glad to hear it. 


STATEMENT OF BRIG. GEN. IRVING L. BRANCH, USAF, CHIEF, 
AIRCRAFT NUCLEAR PROPULSION, ASSISTANT DIRECTOR FOR 
AIRCRAFT REACTORS, ATOMIC ENERGY COMMISSION; ACCOM- 
PANIED BY COL. JACK L. ARMSTRONG, USAF, DEPUTY CHIEF, 
AIRCRAFT NUCLEAR PROPULSION, AND LT. COL. GUVEREN M. 
ANDERSON, PROJECT OFFICER FOR SNAP, ATOMIC ENERGY 
COMMISSION 


General Brancu. Mr. Chairman and members of the House Com- 
mittee on Science and Astronautics, it is an honor and a pleasure to 
be invited to appear before this committee to discuss the national 
nuclear aerospace programs. 

As Assistant Director for Aircraft Reactors of the Atomic Energy 
Commission, I am charged with the responsibility for four aerospace 
nuclear development programs in the fields of propulsion and aux- 
iliary power. These programs are the manned nuclear airplane proj- 
ect, both the direct and the indirect cycle engine systems; the nuclear 
ramjet program known as project Pluto, which is to provide the pro- 
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pulsion system for the Slam weapon system; Project Rover, the nu- 
clear rocket program; and Project Snap, the systems for unclear 
auxiliary power program. I understand that this committee has had 
a briefing on Slam. I further understand from your invitation that 
your major interest, at this time, is in our space oriented program, so 
I will touch only briefly on our manned nuclear airplane and the 
Pluto/Slam program. 

The nuclear aircraft program is a joint Air Force-AEC effort. to 
apply nuclear energy for the propulsion of manned aircraft. And 
I might add, this is a national program. 

This program encompasses two major efforts. First, in the direct 
cycle system, air passing directly through the reactor is heated and 
expelled through the turbine and jet nozzle to provide thrust in 
somewhat the same fashion as a chemically powered turbojet engine, 
The direct cycle program is being carried out by the General Electric 
Co. at Evendale, Ohio. 

The other manned aircraft nuclear propulsion effort is the indirect 
cycle program being carried out by the Pratt & Whitney Aircraft Co. 
of the CANEL facility in Middleton, Conn. In this case liquid metal 
is used to conduct the heat from the reactor through a radiator heat 
transfer system to the engine turbine and jet nozzle. In both cases, 
the reactor replaces the conventional chemical fuel and combustion 
to produce the required energy. 

n support of both of these programs, reactor experimental work 
is underway at the National Reactor Test Station at Arco, Idaho. 
The major problems we are solving in applying nuclear energy to 
aircraft propulsion include developing reactor configurations with 
sufficient power densities and providing reactor material capable of 
withstanding the very high temperatures that are required to pro- 
duce the necessary engine thrust. 

I am happy to report that we have made encouraging progress in 
the manned aircraft propulsion work during the past year. We have 
achieved results with reactor materials and component experimenta- 
tion which gives us great confidence in proceeding toward high per- 
formance manned aircraft systems in the not-too-distant future. 

Somewhat akin to the manned aircraft engine effort, in that the 
reactor is a direct cycle air-breathing system, is Project Pluto. This 
ac is aimed at proving feasibility of using a nuclear ramjet 

or missile propulsion. Project Pluto is being accomplished by Law- 
rence Radiation Laboratory in California with the Air Force funding 
engine design and development assistance through the Marquardt 
Corp. The missile application of the nuclear ramjet project is known 
as Slam, short for supersonic low altitude missile. Three airframe 
companies have made studies of the Slam system. 

We intend to conduct the first Pluto reactor experiment this year. 
This experiment will confirm our theoretical work and should per- 
mit rapid advances in the application of nuclear ramjet technology 
to Slam missile systems. 

Now to discuss our space-oriented programs. These are: First, 
nuclear propulsion for rockets, a project known as Rover, and second, 
a program to produce electric power from nuclear sources for satel- 
lite and other space applications, a project known as SNAP (systems 
for nuclear auxiliary power). 
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Project Snap is a many faceted program, primarily directed at 

roducing large quantities of electrical energy for space applications 
in small long-lived packages. There have been two major approaches 
in this program—one, the use of radioisotopes as heat sources, the 
other, the use of very small compact reactors. 

You may recall that slightly more than a year ago Snap III, a 
radioisotope device, was shown to the President and was announced 
to the public. This device, powered by an isotope of polonium was 
designed to provide 5 watts of power for extended periods. This 

articular model which we have here today was fueled last year and 
fan gone through almost four half-lives and still has enough power 
to drive this small motor. It is producing enough power to drive 
many electrical devices used in space vehicles. The Martin Co., 
Baltimore, Md., has been our major contractor in devising the meth- 
ods of extracting electrical energy through the use of radioisotopes 
as heat sources. 

We also have here a full scale model of a Snap II reactor for 
providing energy that can be converted into 3000 watts of electrical 
power for periods of at least a year. ; 

Our major contract in the Snap reactor field has been Atomics 
International of North American Aviation in California. Thomp- 
son Ramo-Wooldridge is a subcontractor to AI in the development 
of nonnuclear electrical generating systems of the program. 

Out of our efforts to produce electric power for space application, 
like Topsy, a whole family of Snap devices has grown for many 
applications both on and off the earth’s surface, including electri- 
cal sources for such applications as ion propulsion, which appears 
to be a feasible propulsion route in the next generation of space 
vehicles. 

One of our major areas of interest, naturally, is in finding light- 
weight methods of converting nuclear-generated heat into electricity. 
You may recall that just about a year ago, Los Alamos announced a 
radical new departure in the direct conversion of electricity from 
a nuclear source. This device is known as the plasma thermocouple. 
This is a direct side benefit from the Rover program which may lend 
itself to the production of electric power for a variety of different 
applications. 

roject Rover, our nuclear rocket development, is being conducted 
as a joint AEKC-NASA program in which the AEC is responsible 
for the overall ground feasibility demonstration phases with NASA 
supporting this effort. Los Alamos Scientific Laboratory conducts 
the AEC portion of the program. NASA is, of course, responsible 
for follow-on flight application phases of the nuclear rocket devel- 
opment and its eventual application to the national space program. 

You will recall that the Kiwi-A experiment, completed last July-— 
at Jackass Flats in the Nevada test site, proved not only the feasi- 
bility of the Rover device, but, also, was successful beyond our 
original expectations. We expect to be able to test next summer a 
vastly improved fuel element which will be an early step toward 
important space vehicle applications. 

This is a brief résumé of our four programs associated with aero- 
space applications of nuclear energy. Colonel Armstrong, my dep- 
uty, described to the committee in executive session, a year or so ago, 
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many of the technical details of these programs. Colonel Armstrong 


is here with me today and we are prepared to brief you, either at this 
time, or in more complete detail in your executive session, should you 
so desire. We both stand ready to attempt to answer any questions 
you may wish to ask at this time. 

I would like further to add that Lt. Col. Guveren Anderson on my 
right who is the officer responsible for monitoring the SNAP pro- 
gram, is also here to give detailed information on the SNAP program, 
itself. 

Mr. Sisx. Fine, General Branch. We appreciate very much your 
statement here this 4 

Now, I am sure that in the minds of the members of the committee, 
there are probably a number of questions concerning the interest we 
have, of course, in nuclear power as applied to this space field. [I 
am happy that you did devote your statement primarily to the space 
program, the exploration of outer space, and what could be done with 
that type of vehicle through the use of nuclear power. That, of 
course, is basically the only jurisdiction this subcommittee has in that 
particular field. 

This subcommittee has been primarily concerned, in the examination 
of the budget and in the review of the NASA program, with the fact 
that NASA’s overall long-range program, or its 10-year program, 
which has been presented to us, shows little or no indication of the 
use of nuclear propulsion in that program. : 

Of course, that is of some concern to us, then, to know just what is 
happening, and what is actually being done in this field and whether 
or not any progress is being made. That primarily has been the rea- 
son we were anxious to have you people before us. Before we finall 
approve our portion of the budget devoted to some possible eal 
in the field, we wanted to have your comments. 

Now, the fact is that in this 10-year program which has been pro- 
posed to us, NASA representatives stated that nuclear propulsion 
could not be available for such purposes in this decade. In other 
words, I would like to have your comments on that, General Branch. 
Tell us just what is the situation at it exists at the present time. 

General Brancu. No, sir, nuclear propulsion is available within 
that decade, within the next 10 years, within the next 5 years asa 
matter of fact. Colonel Armstrong can give specific details about 
when exactly it can be available if you would like to have him at a 
later time in a classified briefing, but I would like to point out that 
we are working very closely with the NASA people. 

The NASA people, themselves, are better qualified than I, to 
explain what their programs require that match with our capability in 
the Rover development program, but in working very closely with 
them, we know they have a plan for using Rover in some of their 
space devices. 

As I say, I am not qualified to give specific information on this par- 
ticular point. 

However, we feel that we can develop a Rover device and demon- 
strate its actual use probably in a shorter time period and quicker 
_— _ the requirements stated to us so far have indicated a 
need for. 
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Mr. Sisk. Well, now, in the budget for 1961, NASA has requested 
$10 million in the field of nuclear sy stems technology. 

I believe NASA has programed here a test of the Rover reactor. 
Have you seen this, a copy of their recommendations ? 

General Brancn. Yes, sir. 

Mr. Sisk. On Project Rover and so forth ? 

I believe $4,300,000 has been scheduled for reactor test support on 
Rover. 

Now, that is up a little, about a million dollars over last year. 
Then, in applied research on nuclear rockets, NASA is asking for 
a million dollars, and for breadboard engine design, a couple hundred 
thousand. 

Wait a minute, that is the portion having to do with nuclear heat 
transfer. 

I would like to ask for your comments generally on that, Gen- 
eral Branch. Certainly there is no intent here to create controv ersy 
between the people you represent and NASA. But in view of our 
great, interest in the F-1 engine and in the Saturn project ; t, and con- 
sidering what we are going to do with reference to funding those pro- 
grams, we are vitally concerned with what effect possible nuclear 
propulsion could have on these projects. 

Would you make any comment as to whether or not you feel 
that this is a sufficient amount of money, too much money, too little 
money, to support properly this particular field? I am speaking 
now of the three figures which I mentioned which total up to $514 
million. 

General Brancu. It is our opinion that this is a sufficient amount 
of money at this particular time to match-up our capability with their 
requirement, and also to match-up our capability with as rapid a 
growth in the state of the art at this particular time as we can go. 
We feel in the future we can go faster than requirements call for, but 
at this particular time, this is a suflicient amount of money to make 
acompatible requirement with our development capability. 

Mr. Sisk. All right. 

On the SNAP-8 development, NASA is asking for $2 million. 
What about that 7 

General Brancu. If I may, I would like to defer that question to 
Colonel Armstrong; he is more familiar with the specifies. 

Mr. Sisk. All right, colonel. 

Colonel ArmsrroncG. I think both questions relate to the divided 
responsibility in the program wherein we in the Atomic Energy Com- 
mission are involved in the reactor responsibility, and the NASA is 
involved in the responsibility for those associated nonnuclear com- 
ponents that go to make a complete system of it. 

In the case of SNAP-S, the money which they have in for this year 
is for the rotating equipment to generate the electricity from the heat 
which our reactor will produce. 

I think this is sufficient money for the rotating machinery, because 
the reactor is in its very early phases now, although the reactor. itself, 
is a direct offshoot of the SNAP-2 reactor which is quite well proven 
at this point. 

I felt that the $2 million is adequate. 
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Mr. Sisx. Now, in addition to that, on the nuclear electric power 
generating systems, NASA is requesting, under applied research on 
high-power systems, $244 million. Do you have any comment on that, 
Colonel Armstrong ¢ 

There again, we have not been briefed as yet by NASA on exactly 
what might be involved. I am assuming this has to do with some 
rather basic research in rather long-range programs. 

Colonel ArmstronG. I am sorry, I can’t relate high-powered sys. 
tems as to whether this is toward a higher powered SNAP system 
or a higher — Rover system. Do you have the information 
on that, Andy? 

Colonel ANperson. This is aimed at the requirement NASA has 
placed on the AEC to investigate space powerplants in the range of 
a 10th or 1 megawatt, and along with this investigation, one must 
look at working fluids which operate at much higher temperatures, 
The work that NASA is doing in this regard, I am sure is in this field 
of endeavor, to investigate the working fluids that would be necessary 
to operate such systems. 

Mr. Sisk. Does the gentleman from Indiana have any questions? 

Mr. Rousn. I wanted to ask if these are the sums you asked for 
when you drew your own budgetary requirements ? 

Colonel Armstrone. Well, these sums here are sums which NASA 
has asked for, and they are sums which were coordinated with the 
work that we were jointly doing. 

The Atomic Energy Commission budget, of course, is separate from 
this, and all of the funds for the Rover reactor and the SNAP reactors 
is contained in the AEC budget. 

Mr. Rousn. Well, surely you must have submitted some of your 
requirements to NASA sae before they could have asked for these 
figures, Colonel. I am asking if you submitted the same figure as we 
see here in this budget breakdown ? 

Colonel ArmstroneG. It isn’t quite this cleancut. There is what is 
known as a Rover Coordinating Committee, and a SNAP Coordinat- 
ing Committee between the interested agencies who meet quite often 
on the interrelated responsibilities and what is needed to bring these 
programs to a compatible end. 

At that time we discuss such things as our development schedule 
and the requirements which each of us feel the other agency must 
come forth with. We do not in any way say the amount of funds we 
think you ought to have to do your job is so much. 

We tell them what we think their job is, and they tell us what they 
think our job is. But the funds which go on that come from our 
independent analysis of what the problem is. 

So I can’t say that we have turned to NASA and said, you don't 
need 4, you need 4.2, or anything of the kind. 

Mr. Sisx. General Branch, do you have some charts to present to 
the committee in open session here ? 

General Brancu. Yes, in case you wanted it, I had prepared some 
slides here that show the overall aircraft nuclear propulsion program, 
including manned aircraft into space. We can skip the manned 
aircraft part of it or we can go over it quickly. I thought you might 
be interested in it because it has a bearing on the space program and 
nuclear development. 
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Mr. Sisk. How long will that take, General Branch ? 

General Brancu. Five or ten minutes, whatever you like. 

Mr. Sisk. We will take a look at those before we continue the ques- 
tioning. My attention was called to the fact you had these by Mr. 
Wilcove. I wasn’t aware of these slides. 
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Ficure 13 


General Brancu. This first chart shows the organization of our 
aircraft nuclear propulsion program. As you can see, the ANPO, 
the Aircraft Nuclear Propulsion Office which is a part of the Depart- 
of Defense, is divided up into aircraft and missiles. It is the space 
end of the thing we will be addressing ourselves to today (fig. 13). 

My responsibility is directly to the Director of Nuclear Develop- 
ment. Dr. Pittman is responsible for that. I am a part of the AEC 
staff. 

I also have a responsibility directly to the Department of Defense 
in that I am directly as an assistant to Lt. Gen. Roscoe S. Wilson, who 
is the deputy chief of staff-development, and I am his assistant as as- 
sistant deputy chief of staff for development of nuclear systems. 

So within the Air Force staff, I am responsible for all nuclear sys- 
tems applications. 

We have as you can see on this chart here, a variety of different 
breakdowns here. The aircraft divides up basically into the direct 
and indirect cycle system, and then the missile program, as you can 
see, divides into Pluto, Rover, and SNAP. It 1s Rover and SNAP 
that is the part that is most important to space. 

Under the principles of nuclear power, as you know, we use heat 
sources primarily for the space business, and we will get into that in 


some detail later on if you like, into reactors and radioisotopes. In the 
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SNAP series you see we have them numbered serially, the odds and 
even numbers which we will explain a little later. 

In the reactors, however, we derive our power for the propulsion of 
aircraft primarily, and the development techniques, the things that we 
learn in working in the development of aircraft apply directly to 
techniques that can be applied to space, in space applications. 

Basically, though, through Einstein’s theory, we have the business 
of transferring heat into energy and surrounding it with a shield that 
will protect the crews if it is a manned system, of the black boxes or 
other devices that are sensitive to radioactivity in such a way that they 
can be made useful. 
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At the bottom of this particular chart there is something that may 
be of interest to show the problem that we have basically in aircraft, 
but it also applies again in space, because for instance, one of the sta- 
tionary reactors, civilian reactor, has a power requirement of 231 
megawatts. It requires a shield of about 2 million pounds to contain 
this radioactivity. This is the Shippingport reactor. It happens to 
come out at 251 megawatts (fig. 14). 

A submarine runs around 70 megawatts and a shield weight of 
around a million pounds. It doesn’t need to be this heavy but they 
can afford to use this particular weight, but we can’t have this kind 
of weight in an aircraft, and quite obviously can’t have this kind of 
weight in space devices. 

So with an aircraft with a reactor in the neighborhood of 200 mega- 
watis, we are working on shields in the neighborhood of 150,000 
pounds, and I might say that we are talking about temperatures that 
are much higher, we are talking about temperatures, say, 2,500° or 
9,600° Fahrenheit, versus the 700° Fahrenheit that you have in a sub- 
marine. 

In the business of transfer of heat to propulsion, there are three 
different ways we go about this. Turbojet which is for the manned 
aircraft program. The Ramjet which is in the Slam-Pluto program, 
and rocket propulsion as inthe Rover program (fig. 15). 


Ficure 15 
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Very briefly, the two manned aircraft systems as I mentioned be- 
fore, ‘Siceuk and indirect systems, basically the direct air system is a 
reactor in which air is heated up. It is passed through the compressor 
at the beginning of the engine, compressed to high compression ra- 
tios passed through the reactor where the air is heated and then put 
out through the turbine and out the duct in the form of thrust. 

It is an oversimplification of the problem, but air being a poor heat 
transfer medium requires a larger reactor and, therefore, a larger 
shielding, so there are some very considerable problems in the shield- 
ing and weight restrictions that we have for manned aircraft. 

nu the indirect systems you use liquid metal, sodium, or NaK, which 
is a combination of sodium and potassium or some other liquid metal 
to tranafer heat from the heat source within the reactor which can 
be much smaller by pumping it with a high-capacity pump through 
the reactor and back out some radiators which transfer the air com- 
ing through the turbojet engine and pass out through the duct in 
the form of thrust. These are basically the two systems (fig. 16), 

This is a cutaway specialized view of the so-called HTRE 3, the 
high-temperature reactor experiment that we conducted recently out 
in Arco, Idaho. : 
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This has demonstrated the feasibility of the use of nuclear power 
for propulsion, whether it be for manned aircraft as in this case op 
for space vehicles. Having demonstrated this feasibility, we are 
now getting into specific applications which can be used for practical] 


vehicles of various kinds (fig. 17). 
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Figure 17 
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This is a cutaway view of the radiator which shows the intricacy and 
some of the mechanical manufacturing difficulties that the Pratt & 
Whitney people are facing in their attempt to solve the indirect cycle 

rogram. I might mention that one of the radiators they are work- 
ing on contains some 414 miles of three-sixteenths stainless steel tub- 
ing, so you can see there is a very serious manufacturing problem. 

ow, to get into the unmanned systems. We mention what Slam 
was, the supersonic low altitude missile and Pluto is a device which 
iga nuclear-powered ramjet to power Slam (fig. 18, p. 422). 
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Here is a highly stylized version of this thing where air coming 
in through a duct under supersonic conditions passes through the 
reactor where it is heated and goes out the flue in the form of thrust. 

Here is a cutaway view of a stylized drawing of what the reactor 
might look like with the air coming in passing through the reactor 


and going out the nozzle (fig. 19). 
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Now to get into Rover, here is a simplified—oversimplified, per. 
haps—view of the Rover system, which is a rocket device which em- 
= nuclear power. It provides a tank containing gas which jg 

ept under pressure, and through a turbopump this gas is passed 
(a, 0)" reactor and goes out the nozzle in the form of rocket thrust 
g. 
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_. The advantage of this, which we will explain in some detail later 
e you like, is the much higher specific impulse that one might be able 
0 get. 
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Here is a view of the Kiwi-A reactor which we demonstrated last 
July, the feasibility of this system out at Jackass Flats in Nevada. 
As I mentioned in the prepared statement, we exceeded our expecta- 
tions in this particular thing, and, therefore, are able to go at a 
slightly faster pace than we expected originally to go in this particular: 
device. It turned out to be a very useful device. It is, of course, 
not supposed to be a flying model. It has a nozzle on it because you 
have to collect the gases to measure temperature differentials. The 

lumbing is associated with getting gases and coolants and various 
other bits of techniques necessary, techniques into this thing in order 
to do the maximum amount of testing (fig. 21). 

This has been done by the Los Alamos people working in Nevada. 
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We are prepared to go into any detail you would like on what you 
would use these devices for, but I might mention that one study shows 
that if one wanted to put up a 30,000-pound satellite, we could do this 
ina variety of different ways, with three chemical stages, with a total 
weight of 1,200,000 pounds, you could put up this 30,000-pound 
satellite, but with one nuclear stage weighing 210,000 pounds, in about 
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the same size in terms of overall volume, you can put up this 30,000. 
pound device, very obviously a much more efficient system in this 
particular study (fig. 22, p. 427). 

Mr. Sisk. Can you go back to that just a minute, General, for g 
question ? 

General Brancu. Yes. 

Mr. Sisk. Did I understand now from your proposal—to get those 
figures clear—that a 1,200,000-pound chemical rocket would be neces. 
sary to put approximately the same payload into orbit that a 210,000. 

und nuclear engine would put in orbit, once this program jg 

eveloped ? 

General Brancu. Essentially this is correct. We are talking now 
about what we expect to be able to do in the nuclear propulsion effort 
versus what we know has been demonstrated so far in the chemical 
propulsion effort. So possibly these two are not in exact parallel, or 
in exact example, but this is the kind of advantage that you have ip 
nuclear propulsion versus chemical propulsion at this present stage 
of technology. 

We know that we have higher specific impulse. We know that we 
can put out a higher specific impulse for longer times with nuclear 
fuel at the present time; therefore, we know that we can do this kind 
of thing proportionately. 

This is not supposed to be an extremely accurate representation, but 
rather a general field for the difference. 

Mr. Sisk. Go ahead, General. 

General Brancu. All right, sir. 
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Here again is what one might see with the Mars mission with a 
total weight of 150,000 pounds. If you had a total weight of 150,000 
pounds as your limiting factor, with chemical fuel under the present 
state of technology, one might expect to put into Mars orbit about 
7,500 pounds of payload, whereas with nuclear fuel within this 150,- 
000-pounds maximum restriction, one might be able to put something 
in the neighborhood of 55,000 pounds payload (fig. 23). 

On a return mission, again with the restriction of an overall gross 
of 150,000 pounds, one might expect something possibly in the neigh- 
borhood of 750 pounds payload under chemical fuel, whereas in 
nuclear fuel one might expect to be able to put as much as 25,000 
pounds in the mission for a return payload. 
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Figure 24 


This particular chart shows auxiliary power unit weights for a 
1-year life, and shows the advantages graphically of the use of re- 
actors in isotopes versus the uses of batteries, chemical cells, and solar 
cells. As you can see on the bottom line here, the power is charted 
in kilowatts of power up to 4,000 watts or 4 kilowatts (fig. 24). 
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Going up in weight, as you can see, as soon as you get up over a 
thousand pounds, you go up very rapidly in weight for very little gain 
in power, under battery power, for example, you can’t get up more than 
just perhaps 10 watts before you have gone way out of proportion in 
weight. 

In chemical fuel, chemical power, for unit weight for a 1-year life 
and of course, the 1-year life is a specialized restriction, it possibly is 
not fair to measure it in these terms, but if one wanted to use power 
for a year at a time, in order to use chemical fuel, you can see you 
would have to get exorbitant weights in order to get any power at all. 

Whereas with solar cells, you have a better system, but you have 
a lot of complexity with solar cells, themselves. When you get over 
a requirement of about 1 kilowatt as you see, you are getting up to 
to 1,500 pounds or more and the weights get pretty high. When you 
get into isotopes, as long as you are about 500 watts, isotopes do a fine 
ob. 

' You can do that for somewhere in the neighborhood of 700 pounds. 

When you get into requirement for megawatts of power, however, a 
reactor is the best system. 

The reactor shows, you can get up to 4,000 or more watts of power 
for not more than a thousand pounds in your reactor. 
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FIGURE 25 


Now the Snap devices which Colonel Anderson and Colonel Arm- 
strong will be able to give some specific information on, I would like to 
mention only that Snap devices are divided into odd and even numbers. 
The odd numbers as you can see here, denote isotope-powered reactors 


such as to one here on the table which is powering a little motor 
(fig. 25). 
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The even numbered Snap devices are reactors, which in general 

wer turning devices and are limited by the ability of the turning 
pices to remain in a turning configuration, the bearings wear out, 
whereas the source of power never wears out, or almost never wears 
out. 

So you have essentially an unlimited amount of power for generating 
the electricity or whatever source you want to use the power for. 

I would like to turn this over to Colonel Anderson if I may. 

Mr. Sisk. All right, General, go ahead. : 

Colonel ANprrson. As General Branch has indicated, there are two 
approaches to nuclear energy in space ; radioisotopes and reactors. In 
all deference to solar energy, I would like to say from the past 5 years 
experience in this field, there is a place for all three in the space busi- 
ness. Certainly the crossover in power level is significant. One looks 
at a few hundred watts and decides whether he should use the radio- 
isotope or whether one should use solar energy. We only stand ready 
toserve NASA should the situation arise. 

The first unit of significance in the radiosotope development. pro- 
gram is a small proof-of-principle model shown here, the model 
which is on the table has been running actively since last April. It 
is now approximately one-eighth or one-tenth of the original power, 
but as you can see, it is still putting out on the order of half a watt. 
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Figure 26 


The cutaway shown illustrates the principles involved, the cen- 
tral portion containing a radioisotope, polonium 210, is contained 
in a very thick molybdenum sphere, triple welded to insure safety. 

The cylindrical elements surrounding this are the means of con- 
verting the heat to electrical energy (fig. 26). 

The whole thing weighs about 5 pounds, and is capable of produc- 
ing 5 watts for a fairly long period of time. 
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FIGURE 27 


The next building block, the next unit that was built, based on this 
technology is the SNAP 1—A system shown here, which is based on the 
use of a more readily available isotope, namely cerium 144. This 
unit is about 3 feet long, about a foot and a half in diameter, weighs 
about 350 pounds, if two are used. One of these units weighs only 
175 pounds (fig. 97) 

This unit is actually being put together as a ground demonstration 
unit, and early next year should actually undergo a test using cerium 
144 as the fueling material. 

The outer skin as shown there contains the same thermoelectric 
materials that were used in thesmall SNAP 3 device. 


The cutouts at the bottom illustrate how the excess heat can be: 
dumped. 
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By far the most important project in the space power field, I be- 
lieve, has been the development of the fuel element for the SNAP 2 
reactor. This reactor is now running in a facility in California, and 
has successfully completed over 28,000 kilowatt-hours (fig. 28). 

General Brancu. I would Jike to explain, some of these slides, at 
the time they were made, were classified. As you can see here this 
one has been classified. It has since been declassified and we are not 
giving out information that should properly be classified. 
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Mr. Sisk. Thank you. 

Colonel ANnpErson. I am sorry, I should have made that clear. 
The essential parts are shown in the picture, with the small 8-inch 
hexagonal can in the center, roughly 10 inches long which contains 
the active material. 

I think one of the most interesting things about the SNAP reactor 
js that it can be built economically, so when one thinks of putting 
numerous missiles in orbit, you are not starting out at a fuel cost of 
$1 or $2 million. 

This reactor requires only 2.7 kilograms of fuel for criticality. A 
fast reactor might require as much as 60 or 70 kilograms. 


Nate RNATOR 


\ CONDENSER 
RADIATOR 


600°F 
— 


450°F 


TURBINE . 


1200°F 


SKW SNAP I FLOW SCHEMATIC 


Figure 29 


ex & 
| 
a. 
bs 
xs 
= 
= 
8 
Rv 


438 1961 NASA AUTHORIZATION 


This reactor would be simply utilized in a very conventional heat 
cycle as shown here, using the reactor to heat initial loops of sodium 
the heat would be transferred to a mercury cycle, this work is being 
done at. Thompson Ramo Wooldridge while the reactor is under deyel- 
opment at Atomics International (fig. 29, p. 437). 
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This is a cutaway of the rotating package which recently completed 
4500-hour test successfully (fig. 30). 

A full scale model of that is on the table in front of you. This 
ambodies all of the rotating units in the whole system—the turbine, 
the alternator, the sodium pump, and a mercury pump. The shaft 
operates at 40,000 revolutions per minute, lubricated by mercury bear- 
ings, hermetically sealed. 
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This facility presently houses the SNAP experimental reactor which 
has been under test now since last October. The reactor is shown at 
the bottom of the containment vessel. It is presently being prepared 
for a long endurance run. We have had no trouble with this reactor. 


It has achieved every goal that we have set for it (fig. 31, p. 439), 
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This is an artist’s scheme of what this reactor would look like 
installed in a space vehicle. The unit would be suspended probably 
somewhere near the centerline with the necessary ns See Bt and ro- 
tating equipment housed in this same module (fig. 32). 

The whole unit installed in this manner would weigh something like 
500 pounds, exclusive of shielding—roughly 100 square feet of radiator 
area, Which would be part of the skin, is included. 
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The SNAP 10 reactor is shown here in concept. It consists of the 
same fuel material made in this case in the form of disks, however, 
roughly 514 inches in diameter, a core length of about 8 inches. The 
thermoelectric elements which are used in the SNAP 3 radioisotope 

nerator are also used here (fig. 33). 

This small unit would offer a great deal of flexibility in space. 
It could be placed almost anywhere in the vehicle if practical from 
a shielding standpoint. It would produce 300 watts of useful elec- 
tricity practically forever, burning just a few grams of uranium per 

ar. 

“This unit can actually be ready for use in 2 years if impetus is 


given to this program. 


In contrast to solar energy, this offers a great deal of flexibility. 
This would be a —— installation of this device in a vehicle. 
The weight here would only be 350 pounds (fig. 34, p. 444). 
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This is a cutaway of the Snap experimental reactor now under 
test. It is very similar to the model we have beside the table here, 
It is essentially a core test, which illustrates the feasibility of this 
concept and proves out the parameters that we feel are important. 

This shows the growth that the Snap units are experiencing (fig. 35). 
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For example, a very important factor in space travel will be 
that of producing many kilowatts per pound of powerplant. This 
shows how the Snap 10, Snap 2, and Snap 8 equipment (that will 
be produced for NASA) will reduce this figure. For example, the 
Snap 10, 300-watt unit, requires some thousand pounds for 300 watts. 
This is because we are critically limited. But when one approaches 
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the Snap 8 (30-kilowatt size), then the weight reduces to somewhere 
around 50 pounds per kilowatt. This is significant. As we go to 
higher power levels, we would expect to achieve much more power per 
pound. 


36 


Fraure 


rhere 
30 to 
r per 


Fiaure 326 


1961 NASA AUTHORIZATION 447 


This is an artist’s concept showing the utility of nuclear systems 
in space. It depicts the communications and reconnaissance aspects 
that are important for the use of such devices, and conceivably in 
the future, electric propulsion (fig. 36). 

The vehicle shown is illustrated with the reactor in the very nose 
ominimize shielding. The boom extends the payload. 

This is the extent of my comments. 

General Brancu. I would like, sir, to make one correction, or rather 
joclear up what possibly might be a misunderstanding in what Colonel 
Anderson said about the Snap 10. 

He mentioned that it could be ready in 2 years if proper impetus 
were given to its development or requirement. I think possibly this 
might be a misleading statement. What, in effect, he meant is that if 


grequirement is developed for this particular thing, we can have it 


jeady to meet this requirement within 2 years. tote 

It isn’t a matter of not having enough impetus, it is a matter of 
having something before a requirement is ready for it. In some cases 
we are fortunate enough to be a little bit ahead of the compatibility 
with the vehicle. ; 

We would be working very hard on most of these reactor devices 
within the Atomic Energy Commission even if there were no require- 
ments for them—immediate requirements for them—because these 
techniques are new and novel and have a tremendous amount of po- 
tential later on. ee 

‘Almost all of the military reactors are reactors which have civilian 
applications, either now or in the future, and, therefore, we would be 
required by the Atomic Energy Commission to go ahead with some 
sort of development level on these things, even though no specific re- 

uirement were ever stated at this time. 

Mr. Sisk. Well, I might say, General Branch, that I appreciate 
those comments. 

You see, basically, our committee is concerned with the considera- 
tion of the authorization bill. We are being called upon, of course, 
to authorize the expenditure of what amounts to hundreds of millions 
of dollars for the development of liquid rocket engines. 

I am sure you are generally familiar with the F-1 engine, and 
NASA’s contract with Rocketdyne. The fact is that apparently some- 
where in the future will come the actual completion and full develop- 
ment of that million or million and a half-pound thrust engine, and 
the possibility of a cluster of those engines to create the so-called 
Nova configuration. This, I understand, is the only project at present 
in the mill that could actually put a manned exploration on the monn 
for example, or really do some of the things that we hope to accomp- 
lish in the future. 

There again, NASA is talking about the year, 1970, or the decade 
of 1970s, rather than in the 1960's. 

Our committee is interested in what is happening in your field of 
endeavor and to what extent maybe some of this money should be 
concentrated in that field in preference to the liquid rocket engine 
development. 

Don’t misunderstand me, I have no desire to cut back. I have been 
asking that both Saturn and the F-1 be expedited, as I understand 
these projects present the only possibility of really getting a lot of 


448 1961 NASA AUTHORIZATION 


trust in the super boosters. But we have heard here about certaj 
developments that you have made. It seems to me that yor “yg 

mony would indicate some rather substantial progress recently in this 
field. 

General Brancu. Yes, sir. 

Ke ange ments the expenditures of hun- 
dreds of millions of dollars over periods of 8, 10, 15 or 20 years in the 
future, on liquid rocket engines, as against the possible advancement 
in nuclear 

General Brancu. I would like to pass this to Colonel Armstron 
I would like to say first, though: I would be doing a disservice if T 
left the impression that we are recommending the substitution of nu- 
clear power for chemical power. 

If I were given this impression, I have done it inadvertently, J] 
didn’t mean to do so. 

Mr. Sisk. I appreciate that. I am sorry if my statement indicated 
I inferred that from you. I did not wish to infer you were seekin 
that. We have a lot to do in both of these fields. I don’t necessarily 
say one would replace the other. I think they should be tied to- 
gether. We are concerned how your development in nuclear propul- 
sion can be tied in with the progress in the other fields and all to- 
gether be made to do the job quicker and better. 

General Brancu, Colonel Armstrong is a member of the coordi- 
nating group he mentioned earlier, and is working on this particular 
problem with the NASA people and others to be sure we do have 
proper compatibilities. He can give some specific information on it. 

r. Sisk. All right, Colonel Armstrong, go right ahead. 

Colonel Armstronc. I am going to try to oversimplify a very com- 
plex problem. 

To prove the feasibility of a nuclear rocket engine is in itself an 
extremely expensive business. ‘The budget which we have requested 
this year is some $20 million worth of construction funds, and pretty 
narly $23 million worth of operating money. 

If we get these funds for this coming year, I think it is as much 
money as we can usefully spend in this business. 

When we have proven the feasibility and the engineering capability 
of this nuclear rocket engine, we have done so in a power range 
which would allow this nuclear rocket engine to be taken and used 
as an upper stage on a chemical system. ‘To this extent, these are 
very complementary things. 

By combining chemical boosters, large chemical boosters, with nu- 
clear upper stages, you can get large incremental increases in pe 

Now, on the other hand, to achieve the kind of a mission which you 
saw on the chart a few minutes ago, where we were putting 30,000 
pounds of payload out into an orbit, in an over-vehicle, a nuclear 
vehicle that weighed some 210,000 pounds, we are talking about 
nuclear power in a reactor of something like 14 to 15 thousand 
megawatts. 

Now, as a purpose of comparison, this is a reactor which is about 
the size of this table, and it contains more power than Boulder Dam. 
It is not the first step in the nuclear rocket business. 
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It is, though, indeed, a natural and direct outgrowth of the power 
jevels that we are operating at at this time. 

The device which we will come out with first will allow itself to be 
extrapolated either way. You could go down in power, use this as an 
upper stage for very long planetary missions, or you can extrapolate 
the other way and go to very high powers, where you would go down 
go far as using it as a booster. 

But these things are out in the distance. The type we are work- 
ing on right now is close-in. We do feel very strongly, and I suppose 
being involved in the business, one always gets vey strong opinions. 
We do feel that a nuclear device can be flown in the relatively near 
future and do a useful mission and prove-out many of the things that 
we need to know as General Branch mentioned earlier, to go these 
other directions. 

So I would not say that the nuclear system is a substitute in the fore- 
seeable future for chemical systems. I think they are very com- 

tible. 
eT would hesitate to prognosticate that they would never be a sub- 
stitute for a chemical system at sometime in the future. 

Mr. Sisk. Let me conclude my questions by simply asking this one 
question, Colonel Armstrong, of both you and General Branch. 

Are you completely satisfied with the emphasis that NASA is plac- 
ing on nuclear propulsion in its overall program ? 

eneral Brancu. I think, sir, that pao would have to say 
no. I think, though, that in the work that we are doing with the 
NASA people at this time, that the NASA a will come up with 
the requirement that will speed-up the matching-up of our capability 
with their requirement so that we will be satisfied. 

At the present time the specific requirements that we have are not 
to me satisfactory, and we can zo faster than they want us to right 
now. We are working, as I say, we are working with these people, 
and I think before long we will have a specific requirement. 

Mr. Sisk. Do you believe, General, then, you can sell them on the 
possibility ? 

General Brancn. We are trying to very hard, yes, sir. 

Mr, Sisk. I appreciate that as being a very frank statement. That 
is what I wanted. I know yon intend no criticism of NASA or any- 
one else, because these matters are, of course, matters of judgment, 
where they must allocate such funds as are available to them in the 
best manner possible. 

I know there has been some concern on the part of many people 
that a little more emphasis should be placed in this field. And this 
was the principal reason that we were particularly anxious to hear 
you people this morning prior to our passing finally on this portion 
of the budget, and to have an opportunity this afternoon, to discuss 
alittle further this matter with NASA representatives. 

The gentleman from Indiana. 

Mr. Rousu. A couple of questions concerning this gadget we have 
here on the table, General. 

Is that what you call a model of Snap 2? 
© eign Brancu. I don’t know which one you are referring to, Mr. 

ush. 

Mr. Rousu. What is Snap 2, the big one? 
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General Brancu. Yes, sir, the big, full-scale model of the big one, 
Fortunately, it is a wooden model. 

Mr. Rousn. How large actually is that? 

General Brancn. This is a full-scale model. 

Mr. Rousu. That is full-scale? 

General Brancu. Yes, sir. 

Mr. Rousu. How much does it weigh ? 

General Brancu. 300 pounds. It develops 125 watts of power, 

Mr. Rovsu. In your statement, you stated you could—— 

General Brancu. I beg your pardon. 3 kilowatts of power. 3,000 
watts of power. 

Mr. Rousu. You stated you have a full-scale model of the Snap 2 
reactor to provide an engine that can be converted into 3,000 watts of 
electrical power for periods of at least a year. 

Mr. Rovusu. Is that capable now of doing that ? 

General Brancu. Yes, sir. 

bee Rovusu. You don’t have to do anything with it to make it do 
that ¢ 

General Brancu. No, sir. 

The reason we say a year, Mr. Roush, the thing is capable, as 
Colonel Armstrong said, of putting out power almost forever. It is 
a matter of mechanical devices to convert this power into useful 
energy, and therefore not a matter of putting out power. The life of 
the rotating mechanisms is a governing factor. We say a year asa 
safe limit. If the bearings will dana up. 

Colonel Armstrona. Let’s go back a year. I believe I appeared in 
executive session before this committee just almost a year ago, at 
which time the only device which we had operating and which we 
could point to with any degree of pee was the SNAP 38 device 
which had just been unveiled a month earlier. 

In that executive session I showed you a schematic of this SNAP 2 
reactor, and said that this we hoped to get on test this year. I also 
showed you a schematic of the Kiwi-A reactor for Rover, which I said 
we hoped to get on test this year. 

One of the big problems about the nuclear business is, unless you 
can prove it, you have many doubting Thomases, because the nuclear 
business has been fraught with many problems. 

Today we can prove these things. This SNAP 2 reactor has now 
been operating for 30 megawatt-hours. It has exceeded all of our 
expectations. It is far beyond anything which we had a right to 
expect. 

his rotating package which you see on the end of the table here 
is the complete generator, turbine, and the works. That has operated 
now for 500 hours, and is operating very well. 

The next step in this program is to “marry” that rotating package 
with this reactor. This is a rather straightforward deal. 

At the moment this reactor is pumping its heat out into a large 
radiator and being dumped into the atmosphere of California. 

This rotating package is operating in Cleveland, and it knows not 
where it gets its heat, and it cares not where it gets its heat. The 
marriage between the two is the next natural step. 
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This little package you see before you here in the plastic is the 
turbine for this rotating unit. 

This turbine has an alternator, the little balls you see on the end 
are bearings, which are quite an advance in the art, because they run 
in the mercury that runs the turbine, and we have run these for 
hundreds of hours, with no perceptable sign of wear on them. 

The little tiny thing you see sticking out on the right end there is a 
ump, and it pumps all of the mercury through this entire system. 
his is quite a step forward in the art, too. You see it is no larger 
than a pencil. 

This is a proven package. All we have to do now, marry it, subject 
it to all the shock tests and everything that you would expect, the 
environment that you would expect, and it is in business. 

Snap III isin business. It is ready for the customer. 

Mr. Rousu. Snap ITI, is that the unit? 

Colonel ArmstronG. This is the small black unit that you see here. 

Mr. Rousu. Has any of this ever been used in a satellite? 

Colonel Armstrone. No, sir. 

Mr. Rousu. Can you tell me why not? 

Colonel Armstronc. The very easy answer, of course, would be to 
say I don’t know. 

But actually it isn’t quite that clean cut. 

This Snap III unit that I say has been operating for a year now, 
has been given all of the shock vibration tests that are necessary to 
make it an operational device. 

There is a degree of hazard, if you will, in the use of any radio- 
active material. This particular device has been tested under every 
condition that we can think of to destroy it, and we have not yet been 
able to destroy it. 

For instance, we fired it down a track at Aberdeen, at 1,100 feet 
per second. We preheated it to 1,700° F. and rammed it into a solid 
granite wall. We fractured the wall into many, many pieces and we 
didn’t hurt the unit a bit. So we think we have a very safe unit. 

On the other hand, there are other facets to this. Satellites do go 
up, but satellites do come down. 

I think it would be very disturbing to international relations if we 
dropped this radioactive unit in the Kremlin. So one must make 
many studies to make sure that this unit can be safely put into space, 
can be dispersed in space upon the completion of its mission, and this 
we are doing. 

So my answer, “I don’t know,” isn’t quite an easy answer. There 
are reasons. 

General Brancu. It is primarily, I suspect, a political problem 
rather than a mechanical problem that causes us to say that we have 
not yet put one of these things into orbit. 

Mr. Rousn. We have immediate plans to use any of these in any 
satellites at all ? 

General Brancu. No, sir. 

Mr. Rousn. That is considerably smaller than a solar unit? 

General Brancn. Yes, sir. 

Mr. Sisk. We are very happy to have the chairman of our full com- 
mittee here with us this morning, and I certainly want to give him any 
opportunity to make any comments he wishes to make. 
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Mr. Brooks. Fine. Well, we are glad to see the subcommittee gp 
diligent, working so hard. I hope they come in with a report soon 
so we can get our authorization bill on the floor. 

General, let me ask you this: 

What prevents you from using something of that sort immediately; 
What mechanical reason prevents you from using a machine of that 
sort immediately in a nuclear airplane ? 

General Brancu. Sir, it doesn’t lend itself to the kinds of power 
levels that one needs for propulsion of a nuclear airplane. It just 
doesn’t happen to be compatible mechanically with the power levels 
one needs for a nuclear airplane. We are talking here in these de- 
vices in the relatively low kilowatt range, versus a great many hun- 
dred megawatts of power that we need for propulsion of nuclear 
aircraft. 

Mr. Brooxs. You have 300 pounds there for 3 kilowatts? 

General Brancu. Yes, sir. 

Mr. Brooxs. That is about the ratio. It is about 100 pounds per 
kilowatt. 

Peting ratio would you have to have to be mechanically feasible in a 

ane 

é General Brancu. It is considerably less, sir. I would guess it isa 
third of the weight per power ratio. 

Mr. Brooxs. So you have to get yours down to around 30 pounds 
per kilowatt. 

General Brancu. Actually 1 pound per kilowatt would be closer 
to what we would hope to achieve eventually for useful flight. 

Mr. Brooks. That is one one-hundredth of what you have there. 

General Brancu. That is correct. 

Mr. Brooxs. Thank you, Mr. Chairman. 

Mr. Sisk. The gentleman from New Mexico? 

Mr. Morris. Mr. Chairman, I just wanted to ask one question. 

I was under the impression that when these satellites reentered the 
atmosphere, they were destroyed. 

General Brancu. Yes, sir. Normally if this thing were to reenter 
the atmosphere as having come back down out of orbit it would burn 
up in the atmosphere. 

Mr. Morris. How would you have the problem of it landing in So- 
viet Russia if it disintegrated whenever it hit the atmosphere? 

General Brancu. It wouldn’t, Mr. Morris, but if it failed to get 
into orbit for some reason—I mean we have to count on the problem 
of mechanical difficulties so that we would fail to achieve the flight 
configuration that we want, and therefore we have to expect diffieul- 
ties or disaster, if you will. 

Mr. Morris. Don’t you have some method of destroying it? 

General Brancn. Yes, sir. 

Mr. Morris. Whenever you make a shot, I was under the impression 
we had a method of destroying them. 

General Brancu. Yes, sir, but you see one of the problems that the 
people who would be firing these kinds of things would have to face 
up to, is when they destroy advanced stages in devices that are being 
fired, for example, from Canaveral they blow them up, and that is, 
you might say, the end of it. The material that is blown up falls into 
the water, and sinks into the water. Whereas if this had to be blown 
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up shortly after it got off the launching pad, you would possibly 
gatter—l say possibly rather than probably—you would possibly 
gatter very high radioactive material around and it would cause a 
yasty cleanup problem in that the radioactivity might fall in a fish- 
ing area, and you would have to worry about the political problem of 
contaminating water where commercial fishermen activities occurred. 

Mr. Morris. Of course, you have problems at any time you under- 
take any type of new operation. You always have problems, similar 

roblems, don’t you? 

General Brancu. Yes, sir. 

I am only explaining, Mr. Morris, what the kinds of problems are, 
not that we think these are governing problems. Of course, as 
Colonel Armstrong said we are very enthusiastic about these devices 
and we feel they could be used right away. 

Mr. Morris. You don’t have any problems you don’t think could be 
overcome, do you? 

General Brancu. That is correct. 

Mr. Morris. That is all, Mr. Chairman. 

Mr. Sisk. The gentleman from California has some questions. Mr. 
McDonough was unfortunately delayed in getting down, General 
Branch. He has been reviewing your statement here. 

Mr. McDonoueu. I am sure I didn’t hear your complete statement. 

During our subcommittee discussions on this particular matter the 
question I raised was the weight of these as an operating unit. 

How much thrust would we need to put one of these into orbit ? 

General Brancn. If I may, I would like to ask Colonel Armstrong, 
because he knows specific answers and I know only general a:swers. 

Colonel ArmsrronG. I assume you are asking about the Rover nu- 
clear rocket device. 

Mr. McDonoveu. That is the only one we are actually working on, 
isn’t it? 

Colonel Armsrronc. We were previously talking about the auxil- 
jary power units. 1 wanted to clear up what the question was. 

Mr. McDonoucu. Rover, yes. 

Colonel ArmsrronG. This is entirely a function of what is the 
payload you want to put up, and how do you want to put it there, and 
where do you want to put it? 

Now, thrust in itself, when you are talking about chemical systems, 
you can sort of compare the relative merits of chemical systems by 
discussing the relative thrust which they will put up. 

This same comparison is not true between a nuclear system and 
a chemical system. 

The reason is this: The specific impulse of the nuclear system is at 
least double that of a chemical system. 

Now, when you combine an increase in specific impulse with a 
lower weight of the entire system, then you can do the same job with 
less thrust than you can in a chemical system. 

This is a very complicated answer to your question, I realize. 

But let me put it this way: If you had a job to do that took 3 million 
pounds of thrust with a chemical engine, you could do that same job 
with less than a million pounds of thrust with a nuclear system. 

Mr. McDonoven. Well, now, you are speaking about using nuclear 
power for the propulsion instead of the chetniaul element for propul- 
sion 
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Colonel Armstrone. Yes, sir. 

Mr. McDonovueu. I’m asking in addition to that I am asking fop 
this information. 

If you were to propel a spaceship with nuclear power, you would 
have to put it into orbit ? 

Mr. Armsrrone. Yes, sir. 

Mr. McDonoven. How much thrust do you need—I mean chemica] 
thrust, liquid or solid—how much thrust do you need to put a Rover 
unit into orbit? My impression is that it is pretty heavy. You’ye 
got to put it into orbit, then the nuclear power would be turned on 
navigation purposes, for traveling purposes. How much thrust do 
you need for that ? 

Colonel Armstrona. I think I best answer that by quoting a speci 
system which NASA has in mind. 

Here you would take a Saturn booster with a million and a half 
pounds of thrust. 

You would use a second and perhaps a third stage of hydrogen- 
oxygen engines. Then you would put a very small nuclear rocket 
on top of this, and you would place that nuclear rocket as a payload, 
the whole thing, into orbit. 

Having established that orbit, then you could turn on your nuclear 
system and depart from that orbit to an orbit around another planet. 

Now, in this case, this entire system then calls for the Saturn booster, 

There are many other applications that you could make, all the 
way from starting with a nuclear rocket on the ground, and that it 
would put a payload into orbit, to use it as a second stage on a Saturn, 
or second stage on an Atlas, depending on what you want to do. 

Mr. McDonoven. What is the time schedule or the possibility of 
such a firing ? 

Colonel Armstronc. We feel if we were to get the budget which 
we requested for the fiscal year 1961, that we can prove the feasibility 
of this entire system by 1963, and that you can go directly from there, 
depending upon the way your program has gone, how it has been 
directed, and what its end result is supposed to prove, into an engi- 
neered system for flight within a relatively few years. 

Mr. McDonoveu. Are you telling me that nothing less than the 
Saturn propulsion unit is necessary to put into orbit any nuclear— 

Colonel Armsrrone. No, sir; that would be the last thing I would 
say. 
Mr. McDonoven. What is the minimum then ? 

Colonel Armstronc. The absolute minimum is to take the testing 
device we are going to test in 1963, engineer that as we go along, take 
it out and fire it off its own tail, with a rather interesting payload, 
straight up, as a probe, and this could be done earlier, I feel. 

Mr. McDonoven. How much thrust ? 

Colonel Armstronc. This is my personal opinion. The thrust of 
this device will be in the neighborhood of 52,000 pounds, the last engi- 
neering study I saw, the total system would weight about 40,000 
pounds. It would carry about 1,000 pounds of payload. That is a 
probe, that would be the simplest first move that you could make. 

Mr. McDonoven. In your opinion do you think a million-and-a- 
half-pound-thrust engine is essential to a practical demonstration of 
nuclear power ? 
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General Brancu. No, sir; I do not. 

Mr. McDonovucu. You don’t? 

Colonel Armstrronea. No. 

One of the studies that we have looked at very carefully as per- 
haps the second sep down the line, is to take an Atlas booster, take 
an actual Atlas tank and put it on the nuclear system as the second 

It does a rather interesting job. 

Mr. McDonovuen, So that your total weight for a practical demon- 
stration of nuclear navigation in a spaceship would be what? What 
would you estimate the total to be. 

Colonel Armsrrona. I think you posed a new problem. You have 

the problem then of going from an orbit to someplace else? 

Mr. McDonovueu. Yes. 

Colonel Armstrone. Well, I’m afraid then you are back to a mil- 
lion and a half pounds, because you have posed a very difficult job. 

Mr. McDonoven. That is the reason I asked the question about 
the million-and-a-half-pound thrust. 

Wouldn’t that be the minimum amount of thrust you would need 
to put a navigational atomic-powered spaceship, not manned, but I 
mean unmanned, into orbit ? 

Colonel Armstrong. Not in orbit, no, sir, but if you wish to put 
it into orbit so that that nuclear system would go from that orbit to 
another planet, yes, sir, the answer is a million and a half pounds. 

Mr. McDonovucu. Nothing less than that? 

Colonel ArMsrronG. That is correct. 

Mr. McDonoven. And more if we can get it? 

Colonel Armstronc. My imagination doesn’t go much beyond a 
nillion and a half pounds, sir. 

Mr. McDonovueu. That is all, Mr. Chairman. 

Mr. Sisk. We are happy to have had, from time to time this morn- 
ing, some of our colleagues on the full committee with us. I believe 
most of them are gone now. I believe Mr. Wolf is still here. Do 
you have any questions, Mr. Wolf, you would like to ask before we 
proceed with the staff people who have a couple of questions? 

Mr. Wotr. I don’t believe I do, Mr. Chairman. I just want to 
say that I am glad I was able to get down and see this operation. 

Mr. McDonoven. Mr. Chairman, just another question out of 
curiosity. What is your estimated life of this unit you have here? 

General Brancu. The Snap III polonium, this particular isoto 
of polonium has 138-day half-life. Every 138 days it loses about half 
its power. It depends, of course, on what the minimum amount of 

wer s that you will want to use out of this thing. This thing now, 

or example, has gone through the equivalent of four half-lives, since 
it was first theoretically at full fuel. Actually we fueled it at half 
fuel to simulate having gone through one half-life. As you still see 
it is putting out useful power. If the useful power is this low, you 
could say 5 years, possibly. 

_ Colonel Armsrrone. It depends on what isotope you want to put 
in it. Plutonium 238 is 86.4 years. Cerium 14.4 is 285 days and 
strontium 90 is 28 years. So by selecting any one of the isotopes that 
you wish tailored to fit the job, you can get any length of time of 
power that you want out of it. 

Mr. Sisk. Mr. Wolf? 
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Mr. Wor. One question comes to mind. What would be the com. 
parative costs of getting the same thrust from a chemically fueled 
engine in this case’ Have you made any studies or done any research 
to establish this? 

General Brancn. Colonel Armstrong will answer that. I would 
like to say in general, though, in a normal sense, you can’t compare 
chemical and nuclear costs 1f you want to do exactly the same thin 
with nuclear you want to do with chemical. If you want to do a better 
thing, and you use nuclear, then, of course, nuclear becomes com- 
petitive. It is a matter of nuclear fuel having a much longer life 
and therefore being competitive in terms of usefulness against the 
chemical fuel. 

Colonel Armsrrone. Of course, the major cost of a nuclear system 
is the uranium 235 that is in the system. I hesitate to say that the 
nuclear system would cost the same price, or that conversely it would 
cost twice as much or anything of the kind, because you have to first 
talk about how a big a system do you want to build, how much power 
do you want to pack into it, but if you were to build a nuclear device 
which would do the same job as a comparable chemical device—and 
now I’m talking about the big ones, not small ones—you are just 
about in the same price range, ‘Decause the complexity of the nuclear 
device is less than that of a multistage chemical device. 

As an example, a single-stage nuclear device will do approximately 
the same job as a three-stage chemical device. You have one pump, 
one tank, one reactor. 

In a chemical device you have two tanks for each stage, two pumps 
for each stage, it is just more complex. 

So right now you would say, yes, the nuclear system, because less 
is know about it, is more expensive. I would hesitate to say they 
won’t come to a point where the price will be comparable. 

Mr. Sisk. Mr. Hines? 

Mr. Hines. No questions. 

Mr. Sisk. Mr. Wilcove? 

Mr. Wutcove. Thank you, Mr. Chairman. 

General, how soon do you feel a nuclear propulsion booster could 
be ready for space flight, that is, the initial booster? Do you care 
to give us an estimate on that? 

eneral Brancn. I can give you an answer. My problem is I am 
worried about the classification of the answer. 

Mr. Wiucove. I don’t want you to violate security. 

General Brancn. I would like to talk to Colonel Armstrong a 
minute to be sure we are clear. 

Well, if you don’t mind a general answer, I would say the late sixties 
without any trouble. It depends how badly one wants to push this 
thing. If we have an urgent requirement for it we could do it ina 
short-time scale. The late sixties I think is a proper unclassified 
answer. 

Mr. Witcove. All right. 

How long before this same booster could be tied in with a space 
vehicle wna he ready for use? 

General Brancu. I am afraid this specific answer to this question 
is something I am not competent to give. I think the NASA people 
would be in better position to give it. I would say from what I know, 
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though, there would be a year or two difference between, if I under- 
sand the question correctly, a year or two difference between what 
they want our device for and when we could get it ready at the earliest 


e. 
Oe. Wicove. In other words, it would be in the sixties? 

General Brancn. Yes, sir. 

Mr. Witcove. Is the state of the art sufficiently advanced so a 
nuclear-powered space vehicle could be prepared with sufficient power 
to land an expedition on the Moon in this decade? 

General Brancu. The state of the art in the nuclear propulsion 
pusiness, specifically the Rover device, is such that we feel confident 
we could provide the necessary power if the vehicle were developed 
to use this power. 

Mr. Witcove. Could you develop your propulsion sufficiently in 
time so that a vehicle could be prepared in time to land an expedition 
on the Moon this decade ? 

General Brancu. Yes, sir. 

Mr. Witcove. A manned expedition ? 

General Brancu. Yes, sir. 

Mr. Witcovr. This doesn’t call for any comment, General, but you 
know NASA has no schedule for a manned expedition to the Moon for 
this decade, apparently on the theory no chemical engine will be 
available for that purpose in time. 

Now, left me ask you this. 

Krafft Ehricke, the Convair Astronautics scientist, stated : 

If the Soviet Union tried for a nuclear rocket instead of a Nova, and the 
United States has not, the United States may find itself falling further behind 
instead of catching up. 

Do you agree with him ? 

General Brancu. Iamsorry. I am not trying to dodge the question. 

I would like to again refer to Colonel Armstrong, who is familiar 
with this particular speech and I am not. 

Mr. Wivcove. Surely. 

Colonel Armstrone. Krafft is probably at least as bad or worse a 
nuclear enthusiast as I am. I had the pleasure of having breakfast 
with him the day before last, and we talked about this very subject. 

I think the nuclear systems offer us an opportunity to take a jump 
over the Russians. I only hope that they are not working at it as 
hard as we are. 

Mr. Wicove. In other words, the danger is present in your view, 
that if the Russians push ahead on this harder than we do, they may 
achieve a breakthrough which will put them further ahead of us than 
they presently are. Isthat right? : 

plortel Armstrone. I think the first nuclear use—that the first 
aceful use of nuclear energy in space is one of the big breakthroughs 
or which you will get as much international fame as the first satel- 
lites in space. I would like to see this one have the Stars and Stripes 
on it for a change. 

Mr. Witcove. The danger at the present is that instead of catching 
up with the Russians, we might fall still further behind ? 

Mr. Sisk. That answer was “Yes” ? 

Colonel Armstrone@. That answer was “Yes.” 

Mr. Sisk. The reporter doesn’t get that nod, Colonel. 
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Mr. McDonoveu. Mr. Chairman. 
Mr. Sisk. The gentleman from California has one other question 
here. 

Mr. McDonoveu. Is the principle of nuclear propulsion controlled 
the same as a controlled atomic blast ? 

Colonel Armstronea. No, sir. 

I assume you are talking about controlled thermo-nuclear processes, 
or controlling a fission bomb ? 

Mr. McDonoucgu. Yes. 

Colonel Armstrone. No, this is not the same, in that you are not 
trying to achieve a prompt critical condition of the material, so that 
the energy release is instantaneous. You control the release of the 
energy by placing your material throughout what is known as a mod- 
erator. You slow down your neutrons this way, and then you place 
neutron-absorbing control rods into the device, so that you only with. 
draw them far enough to get the energy and heat that you want. 

If you overdrew the control rods, you wouldn’t get a bomb ex- 
plosion, but the reactor would run away and melt down. So it is nota 
controlled blast effect, it is a controlled fission effect. 

Mr. McDonoven. Now, the unit to do this, from the ground up, 
would be heavier than the same unit with the same power using 
chemical propulsion, is that not so? 

Colonel Armstronc. No, sir. If it were a small unit, if it were a 
unit to do something like the Atlas does, then, yes, the nuclear system 
would be much heavier. But as you go up in the difficulty of the mis- 
sion, there is a crossover point at which the nuclear system becomes 
lighter than the chemical system. This is why less thrust is required to 
do the same job. 

Mr. McDonoven. Now, in the controlling of the fission, an increase 
of the propulsion, not to the point of melting the unit, 1s mechanically 
done in the unit ? 

Colonel ARMSTRONG. Yes, Sir. 

Mr. McDonoven. As it goes up? 

Colonel Armstrone. Yes, sir. 

This is a case where you have sensing equipment that senses the 
neutron flux and the temperature of the reactor, and thereby installs 
or withdraws the control rods as the mechanism requires. AIl reactors 
operate on this principle. The rocket reactor is no different than the 
power reactor in this case. 

We have demonstrated that we can do this last July when we oper- 
ated the Kiwi-A reactor. We ran this in Nevada. Tt was very suc- 
cessful. And the control aspects of the reactor exceeded our fondest 
expectations. 

As you perhaps realize, as you sense the velocity of this rocket, you 
may wish to increase the power or decrease the power. They took the 
control rods and put them on a very short time constant of pushing 
them in and pulling them out so many times a second, and the reactor 
followed along just as beautifully as could be. 

Mr. McDonoveu. Was that ground control ? 

Colonel Armsrrone. That was controlled in the control system the 
same as in the reactor. 

General Brancn. On the ground, because it was a test device, 

Colonel Armsrrone. It was a test device, yes. 
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Mr. McDonovenu. How large a shot was that ? 

Colonel ArmsrronG. How large a reactor? 

Mr. McDonoven. You didn’t go to space on that / 

Colonel Armsrrona. No, sir. As a matter of fact, we turned it 
upside down and shot the blast up in the air so it wasn’t intended to 
bea flying device of any kind. 

Mr. McDonoveu. Do you know what your thrust was? 

Colonel Armsrrone. Yes, sir; we do know what the thrust was. 
Jt was around in the neighborhood of 12,000 pounds, but this is a 

hony figure, because the nozzle that we had on it wasn’t intended to 
Sonstrate thrust, it was just a little short nozzle. Thrust didn’t 
interest us at all in this reactor; all we were looking for was the 
reactor information. 

Mr. McDonoveu. If you had a nuclear thrust unit ready to operate, 
you have to lift a lot of weight off the ground first ? 

Colonel ArmsrroneG. Yes. 

Mr. McDonoveu. That is like the takeoff in a plane. You have to 
use all the power you've got to get up. Once you get up, you can 
moderate a little bit. 

How do you control the heat element in the fission volume on the 
takeoff 

Colonel ArmstronG. Well, the control rods are slowly withdrawn 
so that you have a very low power, but you have very high heat. 
This is something you can do with the reactor. You can increase 
our temperature, but you don’t have to increase your power. So you 
ring your reactor up to temperature very quickly, but you keep 
the power low. At this stage of the game, then, you increase the 
power on your reactor. Your pumps start up and start pumping 
the liquid hydrogen down through the reactor and your thrust begins. 
You are at full power at this stage of the game. And, like an Atlas 
engine, or any other engine, when she starts up, she starts up very 
slowly off the ground, then increases in velocity. 

Now, if at some time you wanted to control this power and bring 
it down, because you felt that you were going too fast why, then, the 
control rods would be pushed back in partly, power would go down 
the temperature would stay up; you woul jase the amount of 
hydrogen going through it, and you would decrease your power 
accordingly. 

Mr. ae Am I correct in believing you get more uniform 
combustion of your fuel with atomic power than you would with 
chemicals ? 

Colonel Armstrong. You put your finger on really what is the 
answer to this system. You don’t have a combustion. You don’t 
have to burn anything. You have substituted a reactor for a tank 
of oxygen, and you heat your hydrogen, instead of by a flame of com- 
bustion of combining the oxygen and hydrogen, you just heat the 
hydrogen by pushing it through the reactor. This is the answer to 
the system. 

Mr. McDonoven. I see. 

Then the efficiency of the atomic propulsion is much higher than the 
chemical ? 

Colonel Armstrona. And the energy potential is far beyond that 
that you can expect as the energy potential in any chemical. 
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Mr. McDonouen. Thank you. 

Mr. Sisk. I believe that concludes the questioning, and I want 
to say to you General Branch, and to you, Colonel Armstrong, and 
Colonel Anderson, that we certainly appreciate your comments here 
this morning. 

I feel that you are pretty definitely “sold” on the possibilities of 
nuclear propulsion, and I certainly appreciate it. 

I have been particularly—and I might say pleasantly—surprised 
this morning with the apparent great amount of confidence that 
you do have in nuclear propulsion. 

In our consideration, then, of moving ahead in our space programs, 
we come to the point where, as a practical matter, I think we haye 
to admit that we are involved in some very practical problems of 
space race if we are going to do things that we would like to do. On 
behalf of the committee we appreciate very much your statement here 
this morning. 

Now, I understand that you are prepared to make a short state- 
ment in executive session. However, I simply want to ask you, Gen- 
eral Branch, in view of the jurisdiction which our committee has— 
which of course, as far as you people are concerned, is very limited— 
and only from the standpoint that we want to see that NASA has 
and properly utilizes all the money it can in making useful applica- 
tion of the things that you have done in your field, if you feel the 
information you had that you might give us in executive session could 
be very useful to us in the consideration of that question. 

General Brancu. I think not, sir, in that what we could give in 
executive session would be more specific technical details on the same 
things we have talked about in generalities here in open session. 

Mr. Sisk. I might say, then, General Branch, that it is my under- 
standing that the chairman of the committee expects to have you 

ple before the full committee at some later date for a somewhat 
alder discussion, and possibly in executive session. With that in 

mind, I think that we should pass up the executive session. 

Mr. McDonovuen. Yes, I agree with you. 

Mr. Sisk. With that, I express our appreciation for you gentlemen 
being here this morning. 

Mr. Wor. I would like to say thank you, Mr. Chairman, for invit- 
ing the members of the full committee to be present at your sub- 
committee. 

Mr. Sisk. I believe before our committee adjourns, we have with 
us this morning a gentleman or two who might make some short com- 
ments on Project Orion. 

Who are the gentlemen who were to be here this morning on that? 

If you gentlemen would take your place at the witness stand, we 
would like an opportunity, briefly, to ask a few questions, and to 
give you an opportunity to make a short statement. 

I believe it is Mr. Godel and Commander Luker, right ? 

Mr. Gove. That is right. 

We can make a general statement, Mr. Chairman, as to the nature of 
Orion, similar to that which we made last year. 

There is a formal briefing along with a 5-minute film which shows 
the progress which has been achieved in this program, which may be of 
more interest to you. It is, however, classified. 
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Mr. Sisk. Let’s just have a brief statement in open session, of the 

mneral purposes and matters pertaining to the finances of Project 
Orion and what the status of it is. 

You certainly will protect any security matters and not discuss any 
of those things which have to do with security. Then we will move 
into executive session later. 

I happen to be one of these people who believe we should make 
everything public that we can. After all, we are conducting the pub- 
lic’s business. I know you people appreciate that. I certainly do not 
criticize the fact that we must protect our national security, and be- 
cause of that we have to protect these things in executive session. 

Could you make a general statement? I have in mind primarily 
what the situation is as to the immediate future regarding your finane- 
ing or funding problem. This is basically, of course, where we would 
be concerned. If there is something that we, as an authorizing com- 
mittee, from a standpoint of money, might be able to do for you in your 
program and if it could be justified, we would be glad to do it. 


STATEMENT OF WILLIAM H. GODEL, DIVISION OF PROJECTS AND 
PLANNING, ARPA 


Mr. Govet. All right, sir. 

Project Orion has been previously announced as a completely differ- 
ent concept of achieving propulsion by the use of nuclear power than 
that which you have heard thus far this morning. 

Ina perhaps oversimplified description, it is the concept of dropping 
a series of explosive devices, nuclear explosive devices, behind a very 
heavy space vehicle and through the means of a “bumper,” literally 
bumping that vehicle into space. 

Its attractiveness, from the point of view of the Department of De- 
fense, has been one of a least theoretically enabling the Nation to put 
extremely heavy space vehicles, in the hundreds of tons category, 
into space, if indeed the technical problems can be worked out. 

The program was conceived largely within the General Dynamics 
Corp. 2 years ago. It was funded by the Advanced Research Projects 
Agency on a study contract and feasibility demonstration basis in the 
amount of about $2.4 million. 

As a part of the overall decision, relating to the establishment of 
the National Aeronautics and Space Administration and the transfer 
of space projects from ARPA to other agencies, either the action 

encies of the Department of Defense, the three services, or to 
NASA, this project is one of those that is programed for transfer 
from the Advanced Research Projects Agency to elsewhere. 

As you are aware, Dr. York suggested to the Director of NASA 
that that agency might wish to assume responsibility for further de- 
velopment of this program. The Director of NASA, for a number of 
reasons, which I am sure he would be pleased to talk to you about, 
has felt his agency cannot assume this responsibility at this time. 

Accordingly, we now propose, and are in the preparation of cor- 
respondence which will transfer this program, its continuation at 
least, in fiscal year 1961, to the Department of the Air Force. 

As to its funding, it is currently being funded at the rate of $100,000 
a month. From a purely technical point of view, it would be per- 
haps possible to proceed with the program at a somewhat more rapid 
rate. We in the Department of Defense made the decision last year 
not to proceed at a more rapid rate because proceeding at a more 
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rapid rate would entail testing, utilizing nuclear explosions. In the 
light of the current moratorium on nuclear explosions, it didn’t 
seem—one couldn’t, in fact, proceed with the technical feasibility 
demonstration at the rate that might technically be possible. 

Accordingly, it is our present view that the program, if it is to be 
continued, should be continued on the basis of maintaining that mini- 
mum rate, that minimum capability which is consistent with the 
litical circumstances and the moratorium circumstances that now 
attain. 

This would then in fact amount to approximately $100,000 a 
month. 

Mr. Sisk. Let me ask you a question with regard to your personal 
opinion, Mr. Godel, and I hope you will feel free to express your 
honest conviction. 

Is this a program that you feel should be transferred to NASA? 
Because of its prime responsibility in the field of space and in launch- 
ing large loads into space, do you personally have a feeling that this is 
a project that should be in NASA ? 

Mtr. Gove. Sir, I can’t give you a completely unambiguous answer, 
I will have to explain, I should think, a little bit. 

This is one of those projects that is, as I think Mr. Johnson testified 
last year, very “blue sky” indeed. 

There are a great number of both political and technical problems 
that require to be solved. This is not a program which can reason- 
ably be expected to provide useful thrust in a short time period in the 
sense of, well, even comparing it for example to the Saturn program. 

I believe it is in the sense that space exploration is a function of the 
National Aeronautics and Space Administration, I would suppose 
that I, for one, would think that this is worth pursuing as a yn 
term, very advanced research project. 

In the sense, however, that possible military systems employing, 
if I can be mildly facetious, battleship-type size, vehicles in the far 
distant future, may very well be of interest to the Department of 
Defense. I would suppose this is one of these things that is in a very 
“oray” area. In the light of the priorities that currently obtain to 
NASA, and its activities, I would think this can quite as reasonably 
be performed within the Department of Defense, as long as it is in 
the exploratory research stage, certainly. 

Mr. Sisk. Does the gentleman from California have some ques- 
tions? 

Is that generally just about all you want to touch on in open session? 
Is that right? 

Mr. Gopew. There is no particular classification—there is none, of 
course, in what we have said today. If you want to talk about the 
technical details of the program, in detail, I would prefer to go into 
executive session. 

Mr. Sisk. I think we will proceed with such questions as the com- 
mittee has at this time. 

Mr. McDonoveu. I will reserve my time. 

Mr. Rovusu. I have no questions. 

Mr. Sisk. The gentleman from New Mexico? 

Mr. Morris. I have no questions. 

Mr. Sisk. Mr. Wilcove 
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Mr. Wixcove. Mr. Godel, my understanding of the program is that 
at the present time you have a feasibility study contract with a com- 
pany in San Diego, which will run through August of this year. Is 
that correct ? 

Mr. Govet. That is correct. 

Mr. Wicoove. If further funds are not made available, then the 
project will terminate at that time. Is that correct ? 

Mr. Gopet. Yes, sir. 

Mr. Witcove. Now, I understand that further consideration has 
now been given to transfer of the project to the Air Force, but no 
final decision has been made on that ? 

Mr. Gopeu. I think the decision has been made to present it to 
the Air Force; yes, sir. The correspondence has not physically been 
forwarded ; no, sir. 

Mr. Witcove. Will the Air Force be given any additional funds? 

Mr. Gove. To the extent the program is to be continued, there 
would not be, as I understand it, additional funds provided within 
the Air Force budget; no, sir. There are no further funds beyond 
August currently budgeted. However, I understand the Air Force 
has, by reprograming authority, or at least it expects by reprograming 
authority, if 1t assumes the program, to continue the funding. 

Mr. Witcove. From my previous conversation with you, it is my 
understanding there are some people in the Air Force who feel that 
this theory, and so far it is only a theory, can be proven possibly by the 
use of high explosives, rather than nuclear probes ? 

Mr. Govex. If I gave you that*impression, sir, and I will defer that 
to Commander Luker in a moment, who is the expert on it, I would 
want to correct it. 

There are components, such as the ablation characteristics of the 
bumper which can be so demonstrated, but not the entire theory; no, 
sir. 
Mr. Wixcove. Not the entire theory, but at least part of it, the 
concept of it ? 

Mr. Yes, sir. 

Mr. Wiutcove. That would cost.roughly $1 million to $1.9 million to 
carry it forward for another year? 

Mr. Gove. Yes, sir; in that order of magnitude; something like 
this, perhaps a little less. 

Mr. Wicove. So $1 or $2 million would be needed, if I may sum it 
up this way, to possibly prove the feasibility of this concept ? 

Mr. Gove. No, sir; again I would inh to limit the statement to: 
this kind of money or any kind of money in the next year, employing 
these devices, would only prove certain critical components of the 
entire theory, or of the entire system. 

Mr. Wicove. Mr. Chairman, just one other thing. If it is satis- 
factory with the chairman and the subcommittee, I would like to 
place in the record a letter from Dr. Herbert York to Dr. Glennan, 
Administrator of NASA, and the response to Dr. York, signed by 
Richard Horner, the Associate Director of NASA. 

Mr. Rovusu (presiding). We will place these in the record. 


464 1961 NASA AUTHORIZATION 


Dieecror OF DEFENSE RESEARCH AND ENGINEERING, 
Washington, 
Hon. T. GLENNAN, 
Administrator, National Aeronautics and Space Administration. 


Dear Dr. GLENNAN: The purpose of this letter is to request your comments 
on the transfer of the Orion feasibility study to your cognizance in conformity 
with the DOD/NASA memorandum agreement, dated October 21, 1959. I under. 
stand you and your staff have been briefed on the latest status of the program, 
and that a meeting his been held with Dr. Finger of your staff on the subject 
of transfer. 

Of major concern is the future funding level, which preseutly has not been 
established within the DOD, but which may indicate a somewhat higher leye} 
of effort. 

About $900,000 of supplemental funding for fiscal year 1960 was being con- 
sidered; however, ARPA does not have resources to carry this increased level, 
In the event of transfer of the study to your cognizance, only the currently obli- 
gated funds would be available. 

I would appreciate your comments on this transfer. 

Sincerely yours, 
Hersert York. 


FEBRUARY 10, 1960. 
Dr. Hersert York, 
Director of Defense Research and Engineering, Department of Defense, 
Washington, D.C. 

Dear Dr. YorK: This is in we) to your letter of January 29 concerning the 
cognizance of the Orion feasibility study. We have carefully considered the 
factors which bear on this question ahd have come to the conclusion that the 
NASA should not undertake this responsibility. 

Although the Orion propulsion device embraces a very interesting theoretical 
concept, it appears to suffer from such major research and development problems 
that it would not successfully compete for support in the context of our entire 
space experimentation program. Among other uncertainties, the question of 
political approval for ever using such a device seems to weigh heavily in the 
balance against it. 

As you probably know, we have made extensive commitments in the financial 


resources that we have requested for fiscal year 1961 and it would be extremely 


difficult to divert funds from nearer term: ‘projects for the support of Orion. 
We would not, therefore, favor any arrangement requiring such support. 
Sincerely yours, 


Mr. Rovusu. Mr. Hines? 

Mr. Hives. Can you tell us how much money has been spent to 
date? 

Commander Luxer, $2,440,008. 

Mr. Hives. When was the date of the first appropriation ? 

Commander Luxer. July 1958. 

Mr. Hines. Who are the principal contractors? 


RIcHArD E. Horner, Associate Administrator. 


Commander Luxer. There is really only one. The contractor is 


General Atomic, a division of Genet‘al Dynamics. 

Mr. Hines. Are there any other contractors involved ? 

Commander Lvxrr. In its present status as a feasibility study, 
there would be no point in having any other contractors in this par- 
ticular concept. There might be competitive concepts, but in this 
particular one, I would think there would be no point to have an- 
other contractor. 

Mr. Hines. Thank you. 

Mr. Rousn. Are there any other “questions while we are in open 
session ? 

Mr. Witcove. One thing I did want to bring out further. 
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I understand Dr. Stanislaus Ulam, a scientist at the Los Alamos 
Scientific Laboratory, who has come to be considered one of the fathers 
of the hydrogen bomb, told the Joint Atomic Energy Committee 
Jast week that he considered this concept feasible, and in the event 
of a breakthrough it would be as important or more important than 
the development of the atomic bomb. 

I am not a scientist, but what do you gentlemen think about that? 

Commander Luxer. Well, it depends on your degree of confidence 
in the success of this thing. If in fact it were a workable sys- 
tem, which we certainly cannot say today, but if it were, it would 
be a major breakthrough of an order of magnitude that, well, I 
think it would be a major step forward, certainly. We could use 
space much as we use the air around the earth now. This is a big 
“f,” I want to emphasize, though. This is certainly not a fait 
accompli. 

Mr. Witcove. You are the project officer, are you not, on Orion? 

Commander Luxerr. Yes, sir. 

Mr. Wivcove. Is it your personal opinion this project should be 
continued 

Commander Luxker. Yes, sir. 

Mr. Witcove. You think it is urgent to continue it ? 

Commander Luxer. Yes, sir. 

Mr, Witcove. Thank you. 

Mr. Rousu. Are there any other questions ? 

Now, do I understand, Mr. Godel, that you have a brief or a short 
film which should be presented in executive session ? 

Mr. Gopet. That is correct, sir. 

Mr. Rousu. How long will this take? 

Mr. Gopvex. The film is 5 minutes. There is perhaps 3 to 4 to 5 
minutes of conversation to go with it. It isa silent film, sir. 

Mr. Rovusu. All right, the committee will go into executive session. 

(Whereupon, at 11:57 a.m., the subcommittee procedeed in execu- 
tive session. ) 
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FRIDAY, FEBRUARY 26, 1960 


House or REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Suscommirree No. 4, 
Washington, D.C. 
The subcommittee met at 11:57 a.m., Hon. J. Edward Roush 
presiding. 
Mr. Rousu. Are we all cleared ? 
All right, you may proceed with the film. 


STATEMENTS OF COMDR. ROBERT LUKER, PROJECTS OFFICER, 
ARPA; AND WILLIAM H. GODEL, DIVISION OF PROJECTS AND 
PLANNING, ARPA—Continued 


Commander Luxer. If I may, Mr. Sisk, I would like to preface 
the film with a few remarks. 

Mr. McDonovuen. Correct that to Mr. Roush. 

Mr. Rovsu. I am just acting as chairman. 

Commander Luxer. Oh, I ea your pardon. 

The general concept has already been explained. The classified 
part of the program is the way in which the propulsion is actually 
achieved. * * 
and this is also a problem which is insurmountable under a morato- 
rium, at least one which does not differentiate between such a propul- 
sive device and a bomb. 

It is a nuclear explosion, and if a moratorium bans a nuclear 
explosion, the device can never be tested. * * * 

This is fairly well demonstrated. 
However, in putting this type of a vehicle in orbit, 


* * * * * x * 
I must point out we cannot prove this. 


I believe that is all that is necessary. I might make a few comments 
as the film is run. 

This is a 3-foot diameter model which weighs approximately 300 
pounds [showing film ]. 

It has a. ballistic shaped envelope, as would an Orion vehicle, only 
for travel through the atmosphere to reduce drag. 
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(Indicating film.) 
Commander LuKER. 


These are slow motion shots. The vehicle, this model is completely 

untethered in free flight. This is one without the ballistic envelope, 
(Film concluded. ) 

Mr. Gove. You might explain, Bob, what the occasion of this par- 
ticular experiment was. 

Commander Luxer. Actually, this model does not in any way bear 
on the real problem of propelling a ship with a nuclear detonation. 

These are small 3-pound “HE” charges, and it has been put to- 
gether at the contractor’s expense. As a matter of fact the films that 
were just shown were not done of Government expense, to show that 
such a concept, that is, propulsion by detonation, is, in fact, feasible, 

Actually, the efficiency of this propulsion system, even with “HE,” is 
reasonably good in the atmosphere, where the oxidizer is not carried 
along, but uses the air. High explosives could not be used this way 
at very high altitude. 

Mr. Rousn. Mr. Morris, do you have questions? 

Mr. Morris. What do you mean, what type of explosives? 

r eprenendes Luxer. In this particular case it is just the common 

Mr. Rovusn. That is what you used in this model ? 

Commander Luxer. Yes. 

Mr. Morris. But you can’t use that at high altitude, can you? 

Commander Luxer. No, that was my point. This is sufficient in 
the atmosphere only because the oxidizer is not carried along as it is 
inarocket. Nooxygenis necessary. It just uses the air. 

Mr. Morris. Is that what you call Project Put Put? 

Commander Luxerr. That is a name given to it by some people. 
That is correct. | 

Mr. Rovusn. Mr. McDonough ? 

Mr. McDonovueu. You never attempted to make an experiment with 
a small atomic bomb? 

Commander Luxer. No, sir. On the prospects of a moratorium 
which does not differentiate between such kinds of devices and a bomb, 
as in the current concept, this could never be tested, nor flown. 

Mr. Gopet. In the atmosphere, of course, you have all the attendant 
problems, Mr. McDonough, of fallout, radiation hazards and so forth 
that were touched on this morning. 

These are sort of the overwhelming political difficulties in the way 
of this project. 

Mr. McDonoveu. That is all. 

Mr. Rovusu. Mr. Wilcove ? 

Mr. Witcove. I have a few questions. I believe it has been stated 
that. if this theory is found to be feasible, you could put as much as 
20 million pounds in space ¢ 

Commander Luxer. There is no conceivable upper limit. That, is, 
the upper limit gets to be such that you are talking about something 
the size of the Pentagon. 

Mr. Wicove. The theory is you could put something the size of 
the Pentagon into space with this? 
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Commander Luxkrr. Yes. * * * 

Mr. McDonovucu. Your problem there would be your structure? 

Commander Luker. Structure is the only limit. 

Mr. McDonovueu. Structure to put this object on top of it ? 

Commander Luxerr. A thing to hold together at the upper limit. 
This has been computed very roughly by the contractor as a mathe- 
matical game to be roughly 29 million tons. 

Mr. Wicove. How many shots would you need to put a vehicle into 
the air sufficient to take a manned expedition to the Moon ? 

Commander Luxrr. Several hundred. Well, this is such an order 
of magnitude different than we are thinking of in terms of chemical 
or heat exchanger type of rocket propulsion, using nuclear energy, 
the Orion concept provides for a specific impulse which can be an 
order of magnitude 10 times that of chemical, and it has a thrust-to- 
weight ratio which is considerably better than a chemical system. 
And it is also a good many times better than could be achieved by a 
Rover type. 

Mr. Govern. Yes, but isn’t there a crossover point, Bob? This is 
really only attractive if you are talking about exceedingly heavy 
objects? It isn’t as attractive—it is not attractive at all if one thinks 
in terms of the Atlas type mission or even the Saturn type mission ? 

Commander Luxer. No, certainly, but for man. 

Mr. Gope.. For men, depending on how many men. 

Mr. Witcovz. Let’s assume you send one or two people along. 

Commander Luxer. I think I can answer that fairly graphically. 

We have an engineering design feasibility study going on this 

wee and it would be capable of putting 200 tons into space as 
compared to what Saturn will be able to do. 

Mr. Witcove. 200 tons? 

Commander Luxer. * * * 

Mr. Wucove. It wouldn’t be much of a task for this method, pro- 
vided you have a working program to put a man on the moon, would 
it? 

Commander Luxer. No, it would not. However, it would con- 
taminate the moon using the present nuclear charges. At least, the 
scientists would insist on putting an Orion vehicle in moon orbit, and 
then coming out of orbit in a chemical booster. 

Mr. Wivcove. Is there any thought by the sponsors of this project 
that possibly some time in the future it will be possible to use nu- 
clear explosives in such a way it will not contaminate the atmosphere? 

Mr. Gopet. This entails a development of a completely clean bomb, 
sir, and that is another development program, but would also fall 
within the moratorium. 

Mr. I appreciate that. 

Commander Luxrr. * * * and it isnot an actuality. 

Mr. Wucove. Well, neither is the other one. Thank you. 

Mr. Rousu. Mr. Hines? 

Mr. Hines. No questions. 

Mr. Rousn. Mr. Wilcove, do we meet at 2 o’clock this afternoon / 

Mr. Witcove. Yes. 

Mr. Rousu. If you gentlemen have nothing else to present then, 
we thank you for appearing before the subcommittee. 
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Mr. McDonovueu. One further question. 

This is in a proposal stage ? 

Mr. Gone. It is in a feasibility study, sir. We will have expended 
by the end of August, $2.4 million in demonstrating, doing the theo- 
retical feasibility studies on the program. 

Mr. McDonoveu. But you use the fission propulsion here instead 
. the explosion. Would that remove your radiation problem if you 

id that? 

Mr. Gove. No, sir. These are two completely separate methods of 
attacking the problem. The thing General Branch and others talked 
about this morning are a way of utilizing nuclear energy to achieve 
propulsion, but this does depend on the explosive force. 

Mr. McDonoven. That is all. 

Mr. Witcove. Wasn’t Dr. Taylor of the AEC Scientific Laboratory 
at Los Alamos working on this project before he left AEC? 

Commander Luxer. I am afraid I can’t answer that. He did not 
propose it or officially work on it until after he had left the AEC. 

Mr. Wircove. He is working on it now, though, is he not ? 

Commander Luxer. He is the No. 1 scientist on the team, at 
General Atomic, yes. 

Mr. Wircove. I have heard he thought so highly of this project 
that is one of the major reasons he left AEC to join General Atomic, 
to work on this project. 

Commander Luxer. Iam afraid I can’t answer that, sir. 

Mr. Rovusu. I thank you for appearing before us, gentlemen. 

The committee will stand in recess until 2 o’clock this afternoon. 

(Whereupon, at 12:15 p.m., the committee recessed to reconvene at 
2 p.m., the same day.) 

[OPEN SESSION] 


AFTERNOON SESSION 


Mr. Sisk. The committee will come to order, for the further con- 
sideration of our portion of the budget. 

Off the record. 

(Discussion off the record.) 

Mr. Sisk. We have completed action on all sections over which the 
Subcommittee No. 4 has jurisdiction, with the exception of that 
cen dealing with nuclear systems technology. I believe we still 

ave to take final action on approving the nuclear and the liquid 
rocket section. 

Due to certain considerations and the interest of the committee in 
the progress of the nuclear propulsion devices that might be avail- 
able, and their possible application to space flight, we felt that we 
wanted to hear the AEC people this morning, which we did. Now, 
Dr. Dryden, we are very happy to have you here before us today, 
along with Mr. Finger. Mr. Finger has been with us from time 
to time recently. We are glad to have you back, Mr. Finger, to 
discuss this particular portion of our budget. 

Mr. Finger, were you here this morning during the discussion with 
General Branch and Colonel Armstrong? 

Mr. Frncer. Yes, I was. 
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Mr. Sisk. I would like, unless there is objection from the committee, 
to have Mr. Finger give us a statement on behalf of NASA, as to his 
impressions of this morning’s testimony. ‘There was no implied 
criticism on my part this morning of NASA. I simply wished to 
develop the facts as clearly as possible with reference to what was 
being done in this field and in what ways, if possible, nuclear pro- 
ulsion might move us faster ahead. 

Dr. Dryden, I think we should have you say something first and 
make your comments, and then I would like to have Mr. Finger make 
comments later. 


STATEMENT OF HUGH L. DRYDEN, DEPUTY ADMINISTRATOR, 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


Dr. Drypen. I have not prepared any formal written statement 
for you, Mr. Chairman. 

I would like to say that we in NASA are convinced by calculations 
which have been made of the very great potential of nuclear propulsion 
in the space field, particularly in the more difficult missions. By more 
difficult missions, we mean either very large weights or very long 
distances, or, more specifically, a combination of both. 

The present situation of the project is this: 

We have submitted to the AEC certain general requirements as to 
the size of reactor which we think useful in the upper stages of space 
omy where nuclear power pays off more than in the first stage 
itself. 

The AEC, as you know, has the responsibility for demonstrating 
what is called the “breadboard” engine. 

A “breadboard engine” is an engine that has all the pieces in it that 
are required in a flight engine. It is an engine in which the parts 
are not arranged in the way they must be to te accommodated in the 
small space available in a rocket vehicle. The parts in a breadboard 
engine do not necessarily have to comply with the requirement for 
very low weight that must be met for use in a final flight vehicle. 

The AKC has a test program, whose details are classified, which 
begins with pieces of the system. After being tested alone, these 
pieces are put together gradually in a succession of ground tests. In 
the course of these tests AEC does certain experimentation on ma- 
terials as well. This program will lead to the demonstration of a 
breadboard engine. 

I don’t know whether the timetable was given this morning or not. 
A full discussion of this program, of course, could only be held in a 
closed session, as you gentlemen realize. 

Now, during this phase, through the breadboard engine, the AEC 
has the leading role, so to speak, and NASA is supplying the support. 
For example, the pump for pumping liquid hydrogen was developed 
with Sandie provided to AEC by NASA; NASA has provided a 
liquid-hydrogen plant on the west coast which will supply all the fuel 
used by the AEC. In the Rover program we are doing work in con- 
nection with the nozzle design. And there are other pieces of sup- 
port equipment for which NASA has responsibility. 

We have financed in 1960 and 1961 all of the funds which are called 
for in the programs. Details of the program are worked out by a 
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coordinating committee constituted of members from the Los Alamos 
Laboratory, the AEC, and NASA. 

I don’t want to give you the impression that the program ig car. 
ried to a certain point with AEC having major responsibility, ang 
that all of a sudden this responsibility ceases and NASA becomes 
responsible for contracting for the etn ment of a flight-test engine 
and a vehicle. The periods overlap. The AEC’s major respongj- 
bility is the reactor development, and the demonstration of a bread- 
board engine. It is our responsibility to provide for the development 
of the flight engine, of the flight testing. 

We have begun already the first steps in this process. We see some 
problems in putting the engine together. One of the problems is the 
effect of radiation fields on materials at the low temperatures associ. 
ated with liquid hydrogen. We have undertaken some work in this 
area ourselves, and contracted for some more. We are studying the 
question, together with AEC, of what the first flight test should be. 

There are differences of opinion between people within our staff. 
Individuals have different opinions. There are individuals within 
the AEC who have different opinions and different concepts of what 
the first flight test should be. There is no agency-to-agency differ- 
ence. There are simply differences among the experts in both agen- 
cies, and we are making studies to try to decide what flight test should 
be contracted for and started very early. 

We have written to the Budget Bureau expressing our support of 
Rover, and stating that we feel that this program should advance 
just as rapidly as the technological problems will permit. 

The one thing that we have not done is to state that this engine, 
whose shape and weight we don’t yet know, is suitable for a particular 
mission 7 or 8 years from now. We have said we think the Saturn 
is probably the first lower-stage which would enable us to put a nuclear 
rocket in orbit, for the first orbital tests of a nuclear rocket. We do 
not think, however, that the progress on the engine should be geared 
to the Saturn schedule. We think the engine should be moved ahead 
just as rapidly as possible. 

As the weight of the engine and its probable size and shape become 
clearer, we will begin the necessary work on the design of the vehicles 
to use the engine, and we will take the steps to make the decision on 
what the first mission would be. 

Even in Saturn, with a nuclear upper stage, we get a considerable 
increase in the load that would be carried—two or three times on a 
lunar mission, for example, and more than this on a deep-space mis- 
sion, as compared with a chemically fueled upper stage. 

However, this does not constitute what is called “optimized” use 
of the nuclear engine. Just as we are now in the process of develop- 
ing more optimum vehicles using Atlas as first stage, it will be neces- 
sary to do further work on the optimization of vehicles to use nuclear 

ith this preliminary statement you might want Mr. Finger to 
detail a little more closely what it is that we are doing and have 
underway now. 

Mr. Sisk. Dr. Dryden, I think that is a very good statement, and 
I think it indicates you are very definitely interested in moving ahead 
with this program. 
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If you would, then, Mr. Finger, comment along whatever line you 
would like, I would like for you to keep in mind, and touch on them 
in such ways as you desire, some of the statements that General 
Branch and Colonel Armstrong made this morning. I imagine that 
a little bit later we may have a few questions about what is being done 
with some of the actual developments they indicated are available 
right now. 

So, if you will proceed, Mr. Finger, we will be glad to hear you. 

Mr. Frncer. Thank you, Mr. Chairman. 


STATEMENT OF HAROLD B. FINGER, CHIEF, NUCLEAR PROPULSION, 
OFFICE OF LAUNCH VEHICLE PROGRAMS, NATIONAL AERO- 
NAUTICS AND SPACE ADMINISTRATION 


Mr. Fincer. To start with, 1 think that in many respects General 
Branch could have been testifying for NASA with exactly the same 
wording as he used with AEC, certainly from the point of view of 
having expressed NASA’s point of view as well as AEC’s. 

Specifically, General Branch and Colonel Armstrong discussed the 
time phasing of various nuclear rocket applications. 

Colonel Armstrong pointed out that the earliest applications of nu- 
clear systems will certainly be in the combination of nuclear and 
chemical rocket systems. 

The early nuclear system developments don’t preclude the use of 
chemical systems. In fact, we will use chemical boosters to boost these 
nuclear systems, using the nuclear rocket as a second or a third stage, 
or possibly an orbital stage. 

iter on, as we go down the road of development, we will gradu- 
ally move the nuclear rocket stage down in the rocket. In other 
words, we might start out with a nuclear stage as a third stage, on 
top of two chemical stages, and as we go down the development road, 
it may become a second stage, and possibly far down the road there is 
the application of a first-stage system. Although by that time we 
should have such large chemical boosters that there is a question of 
what we gain by going to the extremely large nuclear ground takeoff 
systems. 

The reason this time scale comes up in this order is that as we bring 
the nuclear rocket down from the third to the second to the first stage, 
the thermal power of the reactor goes up. For example, in an orbital 
stage, even on top of a Nova-type vehicle, we could get by with a nu- 
clear orbital stage having a reactor power of 1,000 to 2,000 megawatts. 
If we come down, to use this as a second stage, then we start talking 
of the 5,000- to 10,000-megawatt range. And if we use it eventually 
as a large ground takeoff booster, we are talking of anywhere from 
10,000 megawatts on up to 40,000 and 50,000, depending on how large 
we want to go. 

The other problem is that as we increase power, we can’t just let the 
reactor grow, because the weight goes up too much. So we must try 
to get. higher power out of the same size reactor, and this is a very 
difficult engineering job. It involves fundamental limitations of ma- 
terials, both from a temperature point of view and the stress point 
of view ; that is, the stress at a given temperature is limited. 
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So we have been approaching this problem, as you know, first from 
the point of view of using nuclear stages as upper stages, top stages 
of chemical systems, and using it for interplanetary missions—resl] 
long-range missions. This is where it pays off. y 

Our program that we have laid out here is aimed, as Dr. Dryden 
of the AEC reactor program, which’ also 
1s directe - issi 
aa “amg ard these top-stage interplanetary missions at the pres- 
_ In addition to this reactor support program, we are doing prelim. 
inary work in developing the technology we will need on the flight 
test systems, and we have agreed with the AEC that we must plan 
an active flight test program for the nuclear rocket to determine its 
operation in the peculiar space environment. 

First, let me discuss the support program. It is listed here in our 
budget request, if I may go directly into our budget—— 

Mr. Sisk. Go right ahead. 

Mr. Frincer. I would like to refer to these line items that indicate 
the nuclear rocket funding we are talking about. 

On page 179, the very first item under nuclear heat transfer rockets 
is directed at this reactor test (Rover) support budget. 

In fiscal year 1961 we are requesting $4.3 million in this line item, 

These funds will be used to continue the development of a liquid- 
hydrogen pump which is required to: pump hydrogen from the storage 
tank into the reactor where the hydrogen is heated up to produce a 
o> eg gas that gives us the thrust we want. 

his pump has been under development at the Rocketdyne Division 
of North American for almost 2 years. I should say that the tech- 
nical results are very gratifying. In fact, they are so gratifying that 
changes and advances can be made in the reactor program as a result 
of this pump development. 

This pump development will continue then in fiscal year 1961. 

It will be used in the reactor test program. 

In addition to the pump, we are developing a turbine to drive this 
pump. Initial tests of reactors may use an electric motor to drive 
the pump, but down the road we want to use a turbine to drive the 
pump. This turbine would be driven by hot hydrogen gas, generated 
either within the reactor or within the cooled jet nozzle. 

Another item covered by this $4.3 million is the development of a 
liquid hydrogen-cooled nozzle, which is essential to the reactor test 
program. It is also essential to a successful flight test engine and a 
successful operational engine. 

The fact is that the state of the art of liquid hydrogen-cooled noz- 
zle technology is not now advanced to the point that it can satisfy all 
the requirements for a nuclear rocket system. 

This development, then, will be an advance in state of art even over 
the hydrogen-oxygen chemical rocket systems. The amount of heat 
that has to be removed is much greater in these nuclear rocket nozzles 
than in hydrogen-oxygen engine nozzles. 

In addition, as Dr. Dryden mentioned, in this budget item are funds 
for supply of liquid hydrogen, not only to the reactor test program 
but to all nuclear rocket test programs, including the pump develop- 
ment, the turbine development, nozzle development, and so on. 

Following this, we are, as I mentioned and as Dr. Dryden men- 
tioned, doing technological work on the flight system. 
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This work is covered by the applied research on nuclear rockets 
item, the second item on page 179. 

Included here is a continuation of the radiation effects program. 
By that time, fiscal 1961, we hope to be operating the radiation test 
Joop in the NASA-Plumbrook test reactor. 

This money, then, includes contract operating money, to operate the 
loop in our reactor. 

Also included here is work on design analysis and experiments of 
automatic control systems. Obviously, in these nuclear rocket systems 
we can’t start the reactor up manually from the ground and operate it 
manually from the ground as we do in a tiedown ground reactor test. 
The system must operate automatically and control itself automati- 
cally. This requires that a system that controls the pump and turbine 
and the entire flow system as well as the reactor must be combined 
into a single, integrated, automatic control system. 

Funds in this item, then cover that kind of a research effort. 

The final item is listed as breadboard engine design. It isn’t spe- 
cifically that. It actually is design analysis of nuclear rocket systems, 
mission capabilities, and so on, which will be fed into the breadboard 
engine design, so that the breadboard engine that the AEC tests will 
more directly lead to a useful application than it wuold if we didn’t 
have these early design study data. 

This total, in nuclear rockets, is $5.5 million in fiscal year 1961, and 
it does cover all the items that are required for the support of the re- 
actor test program as specified by the AEC. 

Mr. Sisk. Do you wish to go ahead with the balance of that section 
on the electric power generating system now, or would you rather go 
back and discuss this other section in the form of some questions first ? 

Mr. Frvxcer. This morning you also heard discussion on the Snap 
systems, in which we are very much interested. 

Almost a year ago we specified to the AEC a requirement for a 30- 
electrical kilowatt, nuclear electric generating system. It would use 
a reactor almost the same as the one that was shown here this morning. 
You saw a model of the Snap 2 reactor. 

The Snap 8 system is this 30-kilowatt, nuclear-electric generating 
system. 

"The AEC is responsible for development of the reactor, the reactor 
controls, and the nuclear radiation shielding that are required in the 
system. 

"The NASA is responsible for the system that converts this heat 
output of the reactor to electrical power output. 

You saw the Snap II turbogenerator system here this morning. It 
isa very compact unit. The NASA is responsible for developing that 
equivalent system for the Snap VIIT nuclear-electric program. 

For that development, we have requested $2 million in 1961. 

In addition, we have follow-on work on applied research on high- 
power systems, and Colonel Anderson commented briefly on that this 
morning. 

We find that if we want to generate high powers using nuclear- 
electric systems in lightweight units, we must operate at very high 
temperatures. Our working fluids are liquid metals, metal bakers, and 
there just isn’t technology developed on these fluids at high tempera- 
tures. This program is named developing the technology necessary to 
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— us to go on to the development of systems of significant] 

iigher power than the 30-kilowatt Snap VIII. We are talking about 
powers on the order of several hundred kilowatts and into the mijl- 
lions of watts, megawatts. 

For that applied research, we are requesting $2.5 million in 1961 
giving a total of $4.5 for nuclear-electric systems, and $10 million for 
the total nuclear program. 

I should mention this budget item, this nuclear systems technolo 
budget covers all of the NASA support and development in A 
nuclear systems area. 

Thank you. 

Mr. Sisk. While we are on this particular section of the budget 
Mr. Finger, you heard General Branch speak about this development 
this morning. You can correct me if I do not use the correct termi- 
nology, because you are much more familiar with the various terms 
he was using this morning than Iam. He was talking about the mar- 
riage, as I understood, of the reactor and of the generator—— 

Mr. Frnger. That is correct. The turbogenerator. 

Mr. Sisk. And that they were ready for this marriage. 

Now, is there any money in your Snap VIIT development program 
here to consummate this marriage / 

Mr. Finger. Yes. I should first point out that the discussion this 
morning was directed at the Snap IT development. This is a 3-kilo- 
watt electric power output system, and falls entirely within the pur- 
view of the AEC. The development was started several years ago 
under joint AKC-Air Force requirements and interests. 

In the Snap VIII system, the NASA is responsible for development 
of the turbogenerator system, and is also responsible for putting the 
two together, for marrying the reactor and the turbogenerator system. 
These funds are covered by this budget item. 

It is obvious that when we get to marrying these two, there must 
be a very closely coordinated program between the AEC and NASA 
and our contractors. These full system tests will be run in the AEC 
facilities. The AEC is developing the reactor at Atomics Interna- 
tional, and Atomics International is operating facilities at Santa 
Susanna to be used to marry these two units. 

The work therefore will be done in the AEC facilities and the 
tests in these facilities will be under the direction of the AEC. 

However, the requirements for the system, the performance specifi- 
cations, are all made by NASA. The funds are here in this budget 
to cover this work. 

Mr. Sisk. Does the gentleman from Indiana have any questions? 

Mr. Rousn. I hope I am wrong on this, but I have the impression 
that NASA is waiting on the AEC and the AEC is waiting on NASA 
in the development of these programs. 

The reason I have that impression is this: Dr. Dryden, a few 
moments ago, stated that Project Rover should advance as fast as 
technological problems would permit, and that when the weight 
factor becomes determined, you will be able to start on the vehicle. 

This morning I thought I understood General Branch to say that 
AEC, in turn, was waiting for NASA to provide the requirement, 
that AEC would be able to fulfill that requirement as quickly as it 
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became available, and that AEC could go much faster with its pro- 
ram as soon as that requirement is provided. 

Where am I faulty in my thinking, if Iam faulty ¢ 

Dr. Drypen. I think if there is any difference, it is only in how 
detailed the requirement must be. 

We have given the AEC a requirement. 

Mr. Frncer. I believe that General Branch was actually talking 
more about the follow-on program to the breadboard engine, the 
yehicle development program, than he was the program up to the 
breadboard engine. 

It is my impression, gained by quite close contact with the AEC 

ople on the program, that there is not a great deal that can be done 
to accelerate the reactor research program that is now in process. The 
research program that will specify for us what temperatures we can 
get, What weight of reactor we will have; this program is set by 
technical pacing. 

Mr. Rousu. But, Mr. Finger, General Branch did say they could 
go much faster, did he not, if they were given the requirements ! 

Mr. Finger. Yes, I believe he indicated that. 

I don’t know, I believe that he was talking about a specific mis- 
sion requirement, and in that regard your point is probably well 
taken. We do not feel we are in a position to say we will fly a 
nuclear rocket on a particular mission requiring a particular payload 
because we don’t know at this time that the nuclear rocket will indeed 
be able to satisfy the requirements of long-range interplanetary 
missions that we might specify. We don’t know the possible missions 
at this point. 

Mr. oa I assume then you don’t share their same confidence 
and enthusiasm 4 

Dr. Drypen. This, I think, Mr. Roush, is not the point. It is the 
roblem of, How would you design an airplane for an engine if you 
didn’t know anything about the engine other than the general prin- 
ciples on which it worked ? 

Mr. Rousu. I gathered from what they were saying is that if NASA 
would tell us what type of vehicle it is going to provide us, we will 
provide a nuclear propulsion system or reactor which will fit it. 

That is the impression I had this morning. 

Dr. Drypen. We have given them the power of the reactor that we 
want, and the requirement that it be as light as they can possibly 
make it. 

This is the detail in which we have given the specification. We have 
not specified that it has to be 2 feet in diameter, or said that we won’t 
fly it if it doesn’t weigh less than a certain number of pounds. We 
have told them what power is desired in the reactor, and the require- 
ment that it be just as light as it can possibly be made. 

As far as its shape and dimensions are concerned, these are things 
that can be taken account of in the vehicle. But I think you have 
exactly the same problem that existed in the very early days of Air- 
craft Nuclear Propulsion: Some people wanted to design an airplane 
before they knew anything at all about the external shape and size 
of the engine that was going to power it. It is just impossible to get 
details at the current state of the technical development of nuclear 
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rockets, where only one component of the rocket engine has been go 
far tested under certain specified conditions. 

As I say, I can’t go into details. 

Mr. Sisk. Doctor, if it becomes necessary to give some of this de. 
tail in executive session, we will go into executive session. _ We hope to 
wrap up and get through with this part of our budget this afternoon 
but I don’t want to put you on the borderline of any security informa. 
tion. 

Dr. Drypen. The situation with the F—1 engine, where only a 
chamber has been tested, is comparable. That is quite a ways from 
an engine. It was tested without the necessary pumps and other es. 
sential gadgetry that go with it. 

This is the same place we are in nuclear rockets. We have a pro- 
gram outlined that will lead to the breadboard engine. We start 
with one piece, we then add another piece and another piece until we 
have a complete breadboard engine, and until we have some idea of 
weights and sizes, we can’t go ahead and design a vehicle to be pow- 
ered by it. 

Mr. sede If AEC people were able to provide you with an en. 
gine which would meet the requirements of a manned flight to the 
moon, and do so within this decade, could you provide them with the 
vehicle to carry that engine and the payload? They said this mornin 
that they could do that, that they could provide that engine. All they 
needed was the vehicle. 

Dr. Drypen. Well, the question of a manned flight to the moon 
involves a great deal of technology more than the thrust power of a 
rocket. If I may use again the analogy of the X-15 airplane, the 
engine that is in that airplane will take the airplane to a much higher 
altitude than we know how to get back safely from. 

The problems of landing on the Moon with a nuclear engine involve 
far more than this. You have had our estimates of when the tech- 
nology would permit landing on the Moon with any kind of an engine. 
There are many other problems relating to guidance, to the matter of 
the way in which you get back from the Moon, how you reenter the 
Earth’s atmosphere—the most critical problem in returning even an 
unmanned vehicle from the Moon that we have not yet solved is how 
to come back in the Earth’s atmosphere from the Moon-Earth trajec- 
tory without burning up. The analyses of this problem show that you 
must hit the outer edge of the Earth’s atmosphere tangentially with an 
accuracy of a very few miles. If you are a little farther out—by only 
a few miles—you will miss the Earth, and go around and come back 
again, unable to enter at the correct angle. If you are in a little 
too close, you will burn up. 

It is a very troublesome technical problem. We have given this 
estimate: we think we will be able to send unmanned vehicles to the 
Moon and back and solve that particular problem, perhaps before 
the end of this decade. 

The problems connected with manned flight to the Moon, and return, 
we think go slightly beyond the period for which we have projected 
the program. I don’t think it ismany years beyond. 

Mr. Rousn. I would just like to close, Mr. Chairman, with a rather 
simple personal observation. I wish that either AEC would provide 
a reactor or an engine and tell someone to build a vehicle for it, or 
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someone would build a vehicle and tell them to build an engine that 
uld fit it. 

oy Dryven. They have to go together, unfortunately. You must 
build them simultaneously so they meet and fit. The AEC’s job is 
the reactor part of it. The rest of the engine is in NASA and the 
vehicle is in NASA. We have outlined a program which, so far as 
[ know, in the opinion of the technical people working on it is moving 
just as rapidly as the technology wil) let it go. 

Mr. Rousu. I am sorry you haven’t dispelled the impression I had 
that you are waiting for each other to act. I still have that. That 
isall, Mr, Chairman. 

Mr. Sisk. The gentleman from California. 

Mr. McDonovuen. Is the development of both the vehicle and the 
engine as you go forward to the point of meeting the two agencies’ 
specifications all creative work? Is this all new creative work 

Dr. Drypen. Yes, it is all new work. I have explained how our 

Mr. McDonoveu. Is it definitely a research and development pro- 
m on which there is no precedence ? 

Dr. Drypen. Mr. Finger mentioned that our development of the 
pump which is a necessary part of this engine, has gone much better 
than anticipated as a result of which the original timetable of some of 
the work on the reactor engine combination can be moved forward. 

The time scale is reduced because that particular development has 
gone unusually well. So we are developing the pieces of the engine 
which come together as an engine for the first time in this breadboard 
demonstration engine, showing the feasibility of the whole thing. 

The rocket nozzle is the other principal part. The tanks are some- 
thing which can come along when the vehicle is developed. 

Mr. McDonovcu. In considering the budget before us now, is this 
nuclear development for the next fiscal year, 1961, provided for in 
this $4,300,000 ¢ 

Dr. Drypen. No, sir. The AEC has the budget for the development. 
It is many times this number. 

Mr. McDonovucn. That is right. We are not considering here today 
the amount of money they are going to spend to develop this nuclear 
engine 

r. Drypen. No, sir. 

Mr. McDonovueu. The amount of money that is provided here for 
support for reactor test Rover is $4,300,000. You described it, Mr. 
Finger. Will you again review it just for my information? 

Mr. Finger. There are four principal items in that $4.3 million. 
One is the pump, extension of the operating capabilities of the pump 
beyond what is now possible, and beyond what is now essential to the 
reactor test program. 

The second is development of a turbine to drive this pump. This 
will be used in the breadboard engine. It may not be a at any time 
in the reactor program before we get to the breadboard engine, so this 
is a long leadtime development, and it is a new state of art 
development. 

The third item is the liquid hydrogen cooled nozzle, which again is 
beyond our present know-how. We will be developing new techniques 
and it will involve new methods of testing. At this point we have 
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the question of whether or not we can even mock up the heat load on 
this nozzle by any other means than by using a hydrogen gas that hag 
been heated in a reactor. 

So it is very possible that this nozzle will be put on the reactor test 
without having been tested at the conditions to which it will be sub. 
jected in the reactor test. 

Mr. McDonoucu. And the fourth item ? 

Mr. Frvcer. The fourth item is the supply of all hydrogen propel. 
lant to the reactor program. 

Mr. McDonoveu. Well, now, is the $4,300,000 intended for that 
purpose sufficient to accomplish what you have programed for 196] 

Mr. Finger. Yes, sir; it is. 

Mr. McDonoucu. Now, on the applied research on nuclear rockets, 
you have a million dollars for this year. 

Mr. Fincer. Yes. 

Mr. McDonoueéu. That is $100,000 less than last year. 

Is that sufficient for your program for this year? 

Mr. Fincer. Yes; it is. The main reason for the decrease is that 
at that point we will be in the phase of operating a test loop which 
has been designed and built to test the radiation effects at low tem- 
perature. 

The higher moneys in 1959 and 1960 were the result of the phase 
of the program where we were designing and building the hardware, 
In 1961 it becomes a matter of using the hardware, and this js 4 
lower cost process. 

Mr. McDonoven. And, of course, the breadboard engine design, 
is that 

Mr. Fincer. That is really the start of the flight system design. 

Mr. McDonoveéu. That is only on the board; this amount of money 
is for boardwork 

Mr. Fineer. For design study work, not hardware work. 

Mr. McDonoveu. Not physical testing work ¢ 

Mr. Fincer. That is correct. 

Mr. McDonoven. I see. So that is a total of $5,500,000, and in 
your judgment—both you and Dr, Dryden—do you think that that 
is sufficient to carry out what you have planned and to meet the 
urgent demands of this committee that we move as fast as possible! 

Mr. Fincer. Yes; I believe it is at this time. 

Dr. Drypen. Plus the amount in the AEC budget. Do you remem- 
ber the number offhand / 

Mr. Fincer. Approximately $20 million in operations, and $20 mil- 
lion authorization requested for facilities. 

Mr. McDonoveéu. The persistent demands on the part of the com- 
mittee that we move faster is, of course, a reflection od sodhlie opinion, 
through Members of Congress / 

Mr. Frneer. Yes. 

Mr. McDonoveu. As you readily realize, we find ourselves exposed 
to two bodies of opinion. One, some of the public says, “Well, it won't 
do us any good to shoot the moon; let’s use the money for increase in 
social security,” or something of that sort. On the other hand, we say, 
“Why are we standing around as a second-rate nation? 

I think that in view of the present trends toward international 
influence, the position the United States has taken, and the influence 
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that we must maintain with our allies as a defense potential, we have 
got to be assured that we are moving in space research and develop- 
ment with ultimate speed, and that we have the capability of doing as 
much as possible in the shortest period of time. 

I am wondering if there is any proposal from industry that has 
stimulated action here’ Is industry bringing proposals to you that 
might speed up this kind of a job? 

Mr. Fincer. Industry proposes to us frequently on these nonnuclear 
components which we support. Our work covered by this item is all 
industry contract work. No inhouse work is covered in this item. 
There is in addition an inhouse research program going on that will 
supply information for this program. 

he AEC reactor work is conducted at Los Alamos. As time goes 
by, it 1s we clear that a great deal of their work will have to be 
contracted out. For example, building fuel elements becomes a chore 
that requires manpower and large facilities. That type of work may 
best be done outside, generally. This is recognized, I am sure. 

Dr. Drypen. Mr. McDonough, I wonder if this statement would be 
helpful: I think all of us feel very deeply this sense of urgency, and 
we regret that metal and materials are so intractable that one cannot 
easily fashion them into shape. With all the money in the world, with 
access to all the manpower in the world, it took 5 years to develop 
an Atlas missile which is far less complicated than the device we are 
talking about here. 

We don’t like that; we don’t like to accept that fact, but it seems to 
bea fact of nature. 

Off the record. 

(Discussion off the record.) 

Dr. Dryven. It is a fact that we can’t, by drawing lines on a piece 
of paper, get this material into shape and get it tested and tried and 
repair the failures. Even to build a house from the time the architect 
conceives it and puts it on a piece of paper takes some time, and it is a 
little bit difficult with money alone to move this very much faster. 

Mr. McDonovucu. Dr. Dryden, I appreciate your opinion, because 
you have been through the history of aviation probably as thoroughly 
as any man in the United States. You have been through the de- 
velopment of the new type of air transportation. 

In your opinion, do you think we are moving as fast in this new 
field as we did move in aviation ? 

Dr. Drypen. We are moving a whole lot faster. 

Mr. McDonoven. A whole lot faster? 

Dr. Drypen. Very much faster. This is because of greater public 
interest and public support. In contrast, the airplane in the early 
days got no support at all; in fact, it went abroad to be developed. 

Mr. McDonoven. But even since the airplane in the more modern 
era, for instance, the last 15 to 20 years, it has moved pretty fast. 

Dr. Drypen. It has been going at a very rapid rate. 

Mr. McDonovueu. That is right, you fave been in the middle of it. 
You think we are moving equally as fast in this new means of trans- 
portation which is far more complicated ? 

Dr. Drypen. I think we are moving faster. 

Mr. McDonoven. All right. 

Mr. Sisk. The gentleman from New Mexico. 
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Mr. Morris. I would like to ask what are the reentry problems 
which you face? 

Dr. Drypen. You mean so far as the general subject is concerned? 

Mr. Morris. Yes, sir. 

Dr. Drypen. The reentry problem has been solved, of course, for 
ballistic missiles which travel at suborbital speeds. We fish them out 
of the ocean, we have taken a look at them. We know this works, 

Mr. Morris. I see. 

Dr. Drypen. There are attempts being made to recover packages 
from satellite speeds. So far they have been unsuccessful for various 
reasons. I think it is only a matter of relatively short time before 
those experiments will be successful. 

In Project Mercury we are attempting to bring back a package of 
the weight of approximately 1 ton, containing a man, and the develop- 
mental tests we inate made so far have shown that the same mathate 
used in the ballistic missile, with a little greater thickness of mate. 
rial—and therefore a little bit more weight—are sufficient to deal with 
the —_ increase in speed from the ballistic missile to the satellite 
vehicle. 

When we go to the moon and come back, we step up the speed and 
the energy again. I think there is the greatest confidence on the part 
of people that the same ablation methods can be engineered to work. 

If they cannot be made to work, there are the techniques of using 
porous surfaces and ejecting materials which certainly can be made 
to work. 

I think so far as the heat protection is concerned, the prospects are 
extremely good indeed, although you still have to prove all these 
things. 

The other reentry problem is one of guidance. Now, in the case of 
the present recovery experiments, I think you are familiar with some 
of the cae of getting the airplanes and ships stationed in the 
right place. As I mentioned, so far these attempts to recover pack- 
ages from satellite speeds have not been successful, but I think they 
will be in a relatively short time. 

In Project Mercury we cannot control the exact place where the 
capsule comes down, but we will, by observation and computers, be 
able to predict it pretty well before the object lands. 

The reentry of the Mercury capsule from a height of 120 miles does 
not present any unusual guidance problem. 

As I mentioned, the problem is different when we go out to the 
Moon and attempt to come back te the Earth. With the accompany- 
ing very high speed, we have two engineering choices. One, which 
requires a very much heavier vehicle, is to try to rely on retrorockets 
to reduce the speed, so that we get down into the speed range where 
we do have knowledge. The other is to do a better guidance job. 

The analyses show that with a drag vehicle, the guidance require: 
ments are almost impossible to meet. 

However, with the so-called lifting-type of vehicle that you have 
heard about before, the tolerance becomes much greater, and it does 
seem to be possible with guidance systems of the type that we know 
to reenter the atmosphere safely. 

With a drag vehicle you have to hit a given spot a few hundred 
miles above the Earth’s surface with an accuracy of plus or minus 3 
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miles. With a lifting vehicle, this widens out. I don’t recall the 
numbers, but it is 10 times or more, perhaps plus or minus 50 miles, 
which begins to get down within reason. 

Now, in much later phases, if you go out to Mars or to some other 

Janet and come back, the problem is still more difficult. 

What I am trying to say is this: as the speed goes up, you have the 
heat protection problem which has been solved up to a certain point 
and looks quite possible. The guidance problems are getting more 
dificult. ‘This is a brief sketch of the so-called reentry problem. 

One other point I forgot; a lifting vehicle is also of interest from 
the point of view of controlling the point of landing to within certain 
limits. This cannot be done with the drag-type vehicle alone. This 
isa very hurried rundown of the situation. 

Mr. Morris. Well, would a large solar furnace be of assistance to 
research in this field 4 

Dr. Drypen. Large solar furnaces are used primarily for mate- 
rials—high-temperature materials investigation. 

Mr. Morris. Isn’t that one of the problems that you have? 

Dr. Drypen. It is not possible to study ablation cooling without 
having the very high uel of the air past the surface, so you cannot 
use a solar furnace to study the ablation cooling problem, or any of 
these cooling problems of vehicles moving at high speeds. 

Mr. Morris. You mean to say that you don’t have any problems 
with the metal ¢ 

Dr. Drypen. No, I didn’t say that. I said the particular problem 
of reentry you’re are speaking of cannot be investigated in a solar 
furnace. ‘The solar furnace is very good for some of the problems of 
materials—of rocket nozzles, for example, some of the ceramic liners 
for rocket nozzles. 

There is a field of application of solar furnaces in high-tempera- 
ture metallurgy, but generally not where you are talking about the 
cooling problem at very high speeds. 

Mr. Morris. I believe one the problems that you listed, the fourth 
one that you had, was concerned with nozzles? 

Dr. Drypen. That is correct, nozzles. 

Mr. Morris. A large solar furnace would not be of any assistance in 
researching this 

Dr. Dryven. It is, except that with a project like Rover, we are 
talking about temperatures which are beyond the capacity of any 
material we know. We are talking about 4,000° or 5,000°. Is this 
correct 

Mr. Finger. Yes. 

Dr. DrypeNn. You have to cool it, in other words. You can’t make 
a material that won’t melt at these temperatures. 

Mr. Morris. That is any material you know of at the present time. 

Dr. Drypren. This is correct. There are people who think they 
understand solid-state physics, who say there are certain limits to 
what any solid made up out of electrons, protons, and neutrons that we 
know about, could withstand. I don’t know whether they are right 
or not. 

Mr. Morris. Well, I don’t know either, but I wanted to know what 
your answer would be. 
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Dr. Dryprn. The solar furnace is a tool for basic research on mg. 
terials which is of very great use, not only for space programs, but 
also for aeronautical and missile programs. 

Mr. Morris. Thank you. 

It seems to me that, in all of our hearings, there is something 
missing somewhere, and I don’t know where it is. Mr. Roush went 
into the question of the engine and the vehicle. It seems to be the 
opinion of everyone concerned that we are all interested in the subject, 
we all want it to go forward as fast as possible, and as fast as it ig 
economically feasible. But is there, to your knowledge, any basic 
research area, where we are not doing enough work in basic research? 

Dr. Dryven. I think it is the general opinion of scientific people 
that the really basic research—which is not quite the applied research 
on materials you are talking about, but the attempt to understand 
how to create a new material, with new properties, the attempt to 
understand nature—that kind of research is not supported enough. 

One reason, of course, is you don’t know whether any specific piece 
of that research will produce any results or not. Itisa gamble. You 
may work for several years, spend a lot of money, and have no result 
of use and practice come out. 

On the other hand, the importance of basic research has been proved 
time and time again. I guess the most recent popular booklet on this 
subject was one Arthur D. Little worked up for the Navy, giving 
examples of what basic research has done. They gave one illustra- 
tion of interest in the space field—a history of shock wave research 
going back into the 1880’s when the first mathematicians developed 
theories, then tracing progress all the way down to the present time, 
through the work of Kantrowitz, and others, on these problems. 

Basic research considered as a whole, pays dividends, usually some 
vears in the future. And most scientists think there is not sufficient 
support of that particular type of research. 

Such long range basic research is not likely to help us catch up with 
the Russians in the next 10 years. 

Mr. Morris. Thank you. 

Dr. Drypen. It will help us in the long-range competition. 

Mr. Sisk. There certainly isn’t any doubt that we need to devote 
a lot of efforts to real basic research. But, as you say, that is some- 
thing that pays off 20 years or 50 years in the future. 

Dr. Dryven. That is right. 

Mr. Sisk. Mr. Hines, do you have questions ? 

Mr. Hines. Yes, sir. 

Mr. Finger, we heard some very exciting dates this morning and 
some very positive statements by General Branch and his associate. 

Do you think that these dates are realistic ? 

Mr. Frncer. As I recall, General Branch, in answer to a question, 
said that he thought a propulsion system could be available in the 
midsixties. And I think that is correct. 

Mr. Hines. Would it be a practical, usable system? One that 
NASA might want to use? 

Dr. Dryven. A flight test system. 

Mr. Frvcer. Yes, a system that could be used to effectively flight 
test nuclear rockets. 
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It might not be as light as we would like or have the power we 
would but it would be a If a large enough 
gro°s weight vehicle could be built around it, yes, it could do useful 
missions. 

Mr. Hines. Has NASA undertaken any investigations of the pos- 
sible use of these vehicles in its space programs ¢ 

Mr. Freer. Oh, yes. I have done an analysis of my own. We 
have had people inhouse doing such work. We also had people in 
industry doing a great deal of this type of work. 

Dr. Drypen. You mentioned the result on the lunar mission. 

Mr. Fincer. The lunar mission we mentioned earlier is an ex- 
ample. The Los Alamos data has been fed into these analyses, and 
they are still continuing. We are not done by any means. 

There is a word of caution here. We can go through and cal- 
culate the payloads that we can anticipate, using the reactors being 
developed. ‘They involve assumptions of controllability, materials 
development, and so on, but in addition they involve at this point 
assumptions about what vehicles we will put these nuclear stages 
onto. 

In other words, we can make calculations that tell us we can go out 
to Mars, orbit Mars and return, and everything looks fine, but we may 
have a vehicle that has the fineness ratio of three pencils standing end- 
to-end one on top of the other. It may not be a practical vehicle. 

Until we get more detail on the engine system and the space en- 
vironment, we really can’t determine definitely how practical we can 
make this system look. 

Mr. Hines. This is the conclusion of your analysis? 

Mr. Frvcrer. Yes. 

Mr. Hines. As of this moment ? 

Mr. Fincer. Yes. From a theoretical payload point of view these 
rockets look very promising. That is why we consider them as one 
of our major advanced technology items. 

Mr. Hrves. Do you foresee a possible engineering breakthrough ? 

Mr. Frvcer. No, I believe this requires just hard, steady work. 
These are not going to be breakthroughs. These are going to be re- 
search and development results. 

We are working with materials of which we know the limitations. 
It is a matter of designing to get around these limitations. 

This pump was no breakthrough. It was a development, a logical 
development, and its performance was more gratifying than we an- 
ticipated it might be so soon after we initiated development. 

This may happen with other components. It may also go the other 
way. Some of the components may not work out quite as well as we 
would hope. 

Mr. Hines. Thank you. 

Mr. Sisk. Mr. Wilcove? 

Mr. Witcove. Dr. Dryden, NASA has announced a 10-year pro- 
gram for this decade. 

Do you think this program will enable the United States to come 
abreast of the Soviet Union in the space race ? 

Dr. Drypen. Yes, I do, I think it is a much broader base program 
than the Russian program as we have seen it. I think this is really 
the only way to compete with the Russians. 


486 1961 NASA AUTHORIZATION 


Mr. Wutcove. Dr. Glennan, I believe, testified his estimation is that 
Russia is about 5 years ahead of us. 

Dr. Dryven. I think he testified that the best guess was it would 
take about 5 years to catch up. 

Mr. Wucove. Five years to catch up ? 

Dr. Drypven. The difference—I hope you don’t think I am strain. 
ing at a fine point—the difference is, we talk about a few years, legs 
than 5 years’ difference now, but it is going to take us this period to 
get to a certain stage and the Russians aren’t going to stand still in 
the meantime. 

Mr. Wioove. That leaves the assumption that the Russians, who 
are far ahead of us now, will not be moving as fast as we will be 
moving ¢ 

Dr. er Yes. May I say “catch up” in this sense refers solely 
to one thing, which is weight in orbit, or thrust of boosters. We may 
beat the Russians by quite a bit in the meteorological satellite or in 
some of the many other various phases of our program. 

I will say it again; it is like the Olympics competition. There are a 
large number oF events in this business. We think that our program 
is broadly enough based so that it will get ahead of the Russians, 

I don’t recall whether I have said this to this committee before or 
not. The reason we sort of stand off at the word “race” is this: 
A race implies a starting line, a starter with a pistol, a goal line where 
everybody knows where it is, both parties start at the same moment, 
run toward that goal line, and the winner is the fellow who gets there 
first. 

With the present Russian space program, we don’t know where the 
goal line is, because we don’t know what they are putting their effort on 
— They are probably halfway down the road before we 

now what particular race they have decided to run this moment, and 
it is a pretty unintelligent person who tries to run a race when he 
discovers that the opponent is halfway toward the goal line before 
he starts. This is the reason we call it a competition, a broad-base com- 
petition with many events. We have tried to get our lines underway 
so that we are going to come in first in a great many events, and that 
we will come to a position of leadership in the area of space technology 
and its uses for mankind. 

Mr. Wixcove. Doctor, regardless of whether you call it a race or 
competition, the Russians go in for spectacular events. We all know 
that. They captured the imagination of the world with some of 
their feats. 

I think, without looking into the future too much, we may go on the 
assumption that one of the spectacular feats the Russians are thinking 
of is getting a manned expedition to the Moon. 

I think we could assume that is one of the goals that the Russians 
are aiming at. 

Dr. Dryven. It is one of our goals. 

Mr. Wixcove. I am talking about the Russian goal though. I think 
we can say there is a goal we know of that the Russians are aiming at. 

Dr. Drypen. We do not know this asa fact. 

Mr. Witcove. No, [appreciate that. 

Dr. Drypen. The Russians haven’t put up a satellite recently. We 
don’t know why. Why they don’t go into meteorological communica- 
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tions satellites, we just don’t know. Whether they will put man in 
space, Whether they will go to the Moon or Mars next fall, we haven’t 
the slightest idea. We know one thing, they will not do all of them. 
They just will not do all those things simultaneously. 

Mir. Wixcove. Well, I think we must go on the assumption, Doctor, 
that they will try a spectacular feat like that to land a manned expedi- 
tion on the Moon. 1 don’t think it is safe for us to assume they may 
not. 

Dr. Drypen. I am not assuming they may not. 

Mr. Witcove. All right. Let’s assume that as a definite goal of the 
Russians. 

There is no question in my mind but what they are looking ahead to 
the time when they will land a manned expedition on the Moon. 

Some Russians have set the date as 1967, which is the 50th anniver- 
my of the Russian Revolution. 

r. Drypen. What Russians? This is the problem. 

Mr. Wixcove, You will have to ask General Medaris that. I don’t 
think he specified which Russians. 

Dr. Drypen. My experience with Russians is the same as with 
Americans. There are science-fiction writers, there are scientists, 
there are political people in government and they make very different 
kinds of statements. You will not find the Russian scientist engaged 
in the space program making that kind of a statement. 

Mr. Wixcove. As I say, I think it isn’t safe for this country to go 
on any other assumption. 

Assume we go on that assumption, that the Russians are aiming 
at landing a manned expedition on the Moon. 

I think we can assume they are considerably ahead of us now in 
this project because they have larger booster capacity, for one thing. 

Just because they are way down the road, and they may reach the 
goal before us, do you think then that we should not get into the race 
or competition ? 

Dr. Drypen. Not at all. I have tried to say we are developing a 
technology across a broad front which, in time, will let us.do anything 
we want to do—anything we want to do. 

Mr. Witcove. The time element is what I am worried about. 

If I may use this analogy, and I think it has been used before: 
If we are moving at the same speed that the Russians are moving, 
they are down the road going 60 miles an hour in a car 

Dr. Drypen. This has no meaning expressed broadly. The uni- 
verse and the things you can do in space are so varied and so broad, 
unless you limit this to one statement, namely, that they have one 
goal which is man on the Moon, and this is the only thing they are 
working on, this statement has no meaning. If you say they are run- 
ning 60 miles an hour toward the Moon, then your analogy becomes 
something. But to say this broadly in the whole universe of space, 
it has no specific meaning. 

Mr. Wixcove. I am afraid, regardless of what else the United States 
achieves in space, if Russia beats us to the Moon it won’t comfort us 
too much, no matter what else we achieve, in the minds of people 
inthis country and in the minds of world opinion. 

_Dr. Drypen. I am afraid we disagree somewhat on taking one spe- 
cific thing. Why don’t you say beat us to Mars or to Venus, or man 
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in space, or meteorological satellite for weather observations for the 
benefit of all mankind? 

Mr. Wicove. All right, let’s take a man in space. There are al] 
kinds of predictions. 

Dr, Drypen. We have a sporting chance in beating them on that 
in my opinion. ; 

Mr. Wixcove. You feel we do? 

Dr. Drypen. Yes—a sporting chance. 

Mr. Witcove. I mentioned the Moon instead of Mars and Venus 
because it is considerably closer. 

Dr. Drypen. The technical problems are the same order of 
magnitude. 

The most difficult mission of all is a 24-hour satellite, more difficult 
than the Moon mission. 

Mr. Wircove. Do you feel, Doctor, this country has a good chance 
to get to the Moon with a manned expedition before the Russians? 

Dr. Drypen. This depends on what the Russians decide to do, 
whether they pick that goal or some other one. I just don’t know how 
to answer it with the absence of knowledge of what they have selected 
us the place to put their principal effort. 

I think that, generally speaking, in almost any competitive effort 
that you can think of, that even in military wars the focusing of 
effort on one point may give a temporary advantage in a limited area, 
There is not very much the defense can do about that. 

Mr. Wicove. To use your analogy, let us say the Russians are 
headed for the Moon at 60 miles an hour. We know their goal. Let’s 
assume that. Do you think we could beat them to the Moon ? 

Dr. Drypen. This again, I think there would be a sporting chance, 
but I don’t know how to answer this positively. 

We can’t even make a decent try until some of these developments, 
that I have said take a certain amount of time, are finished. 

Mr. Witcove. Of course, the Russians face the same obstacles. 

Dr. Drypen. We started this, you recall. When ARPA was first 
established we made an attempt at the Moon with devices every 
scientist knew had very small chance of success, but we hoped that 
the dice would fall our way. They didn’t. 

Now we are going to make some more tries at the Moon, as you 
know. Still the chances are not such that you can bet 100 percent on 
the results. We are going to keep trying, and we are going to develop 
the technology so we can do anything we want to do in space. 

Mr. Sisk. We are very happy to have Dr. Sheldon with us today. 
Dr. Sheldon, do you have any comments or questions? 

Dr. Suetpon. No comments, thank you. 

Mr. Sisk. We are happy you sat in with us today. 

Just a few concluding questions, Dr. Dryden. 

I believe, Mr. Finger, you were here this morning when we had 
a very brief discussion of Project Orion. The reason for our having 
that testimony was based on the fact that there had been hopes that 
NASA might assume responsibility for that project. 

Project Orion is apparently a long-range project, and probably 
there is a lot of basic research involved in it. It is at a very prelimi- 
nary stage, but its ultimate aim or objective, it seems to me, would 
besomething that NASA might be interested in. 
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I wondered, Dr. Dryden, if you have any comments on why NASA 
chose not to accept responsibility for that program at the present time? 

Dr. Drypen. It is primarily a i engineering proposition, 
with very great engineering difficulties. It cannot be tried on any 
small scale. It looks like it costs a billion dollars just to try the 
idea to see whether it works. 

It involves nuclear explosions—a very large number of them—in 
the atmosphere, which presents some international and political prob- 
Jems at the present time. That type of experimentation is not per- 
mitted at the present moment. 

I think we are interested in it as a general research proposition. 
We have been following it with interest. The Defense Department 
has been interested in it. 

Mr. Sisk. I understand that a fairly small amount of money some- 
where in the neighborhood of a million dollars a year has been re- 
quested for Project Orion in the hopes of at least continuing the 
basic research, and that possibly there was some possibility that either 
it might be dropped, or that progress would not go forward unless 
maybe NASA or some other agency takes it over. At least I have 
been led to believe that. That is why I did have some concern. I 
appreciate the long-range aspects of this nuclear explosion proposi- 
tion, 1 am not being critical of it due to the international basis. 

Dr. Drypen. I would say we don’t have very many millions of dol- 
lars to put out, but if it were a million dollars and going to continue 
very long at this I think the answer would be quite different. But it is 
quite obvious to us the cost of this thing is going to go up very 
rapidly if any real progress is to be made. 

I have explained you can’t do anything on a model. Apparently, 
unless you spend a very large sum, indeed, you can’t even tell whether 
the project will work. 

Theoretically, there are many eminent physicists who have looked 
at it. They have found no fundamental scientific problem. There 
isa vast engineering problem. 

I have expressed the view to the people on the project that maybe 
it is like the case of the first big iron ship across the Atlantic. There 
was nothing wrong with it in theory, it was just a little bit ahead of 
its time. 

Mr. Sisk. I appreciate that. Of course, I think that is what some 
of us may be seeking. Maybe we are expecting too much of you sci- 
entists; we are expecting something big. I am sure you share that 
desire along with all of us who, as at el frankly don’t understand 
many of the engineering and technical details involved. 

The only question, as I say, in bringing it up, is that there are ap- 
parently quite a few people that do feel that it does have promise as 
a long-range program, and I would hope—— 

Dr. Drypen. I would agree. 

Mr. Sisk——that if there is promise it not be dropped by the way- 
side, merely because of budgetary considerations. 

Now, of course, it is up to Congress. If NASA chose to assume the 
responsibility for Project Orion, of course it would be up to the Con- 
gress whether or not we made available to you the funds to carry it 
on. The only point that we had in bringing it up was the idea that if 
there was sufficient justification for Congress to invest at least a mil- 
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lion dollars to look a little further into it this year, that this commit. 
tee might consider the possibility, assuming NASA took it over, of 
making such moneys available. That is merely my own personal opin. 
ion; don’t misunderstand me. I am not necessarily reflecting the feel- 
ings of the committee as a whole. But I thought it was something | 
should bring up. That is why I was interested. 

Dr. Drypen. I think, Mr. Sisk, this does bring up one point in 
which really the advice of the committee would be most valuable. 

You have hear Mr. Wilcove’s expression about a particular project, 
Should the Nation’s space program be based on selecting a narrow 
line like this and driving down that alone? Should we take projects 
like Orion, where the gamble is very great indeed, and the psycho- 
logical consequences of a failure on it are very large? 

Now, of course, this particular one, Orion, is pretty far away. We 
have taken the view, as you know, on the Moon proposition that we 
keep trying with what we have, perhaps not putting an unduly large 
effort when the risks are high and chances of success not too great. 
Some people said we would be better not to try it at all; it would be 
better not to try at all rather than to try and fail. 

We have gone on the premise that we should try with what we have 
at hand, but work like everything to get better tools, more accurate 
tools to do the job. 

We have not felt it advisable to draw an extremely narrow program 
of spectaculars. We believe that space is going to be here a long time, 
There is an awful lot of room out there. We must have a very broad 
program. We have got to explore the possibilities of economic use and 
application; certainly the military has to explore military applica- 
tions. We think that the best policy for the United States 1s a broad- 
base program to move forward just as rapidly as we can. 

If the committee thinks otherwise, I think this kind of an expres- 
sion would be useful to have. I can’t promise, of course, that it would 
be followed, but at least we would know what the opinion of the com- 
mittee is. 

Mr. Sisk. I appreciate that expression, Dr. Dryden, very much, and 
I agree with you that we should share with you to some extent the re- 
sponsibilities. The Congress, of course, holds the purse strings and 
certain policymaking powers. This committee, of course, having juris- 
diction, wants to work closely with you and do everything that we can 
to assist you. 

I understand, of course, that your philosophy is to move forward on 
the broad field, and to bring the whole front along pretty well to- 
gether. 
~ There are some of us—and I for one will plead guilty— that have 
been somewhat concerned, frankly, with the real strong desire to do 
something that might be considered, let’s say, almost a spectacular 
stunt. Frankly I will admit that I have a rather strong feeling—and 
I know it is shared in by others—that our world prestige of late has 
suffered to some extent. Of course, I am looking ahead. If, for 
example, there were two or three spectacular accomplishments in space 
technology achieved by another power in, let’s say, the next 5 or 10 
years, that we were unable io duplicate or come anywhere close to, I 
frankly would have some real deep concern. I am sure you share 
that, Dr. Dryden. 
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Dr. Drypen. We share that. 

Mr. Sisk. That is why, as you probably know, I questioned Mr. 
Horner and his colleagues rather extensively on the F-1 engine, and 
whether or not we were doing everything that we should be doing 
with the idea in mind that the Nova configuration might be the vehicle 
that could give us a great step forward, you see? 

I will conclude with one question : 

Do you agree fully that we are doing probably everything on the F-1 
engine that we should or could do at the present time ? 

r. DrypEN. We are doing, I think, all that we can at the moment; 
sir. 
iiow. may I say on this other matter, that we have had this same 
desire for spectaculars. I don’t think those of us who are scientists 
orin NASA are any different than people on the outside in this regard. 

Our problem is, when you begin to ask specific suggestions, every- 
body wants to go in a different direction. If Congress has anything 
tosay on that, we certainly would like to hear it. 

When NASA was organized, we went into such a program—which, 
as you know, did not succeed—a mission to the planets. This was 
undertaken just with that feeling in mind at the time that we needed 
something like that, that we ought to try. We didn’t feel we had 
quite the technology that would guarantee that we would do it. 
Nevertheless, we went ahead. When it became apparent to everybody 
concerned that the mission chances were very small, we made a 
change in the purposes of the mission, as you know. 

Mr. Sisk. I ode that was the last. I do see I have noted one 
other thing: 

This refers back to a statement made by General Branch this 
morning, and I am not placing it strictly on the point of prestige or 
psychological effect either. Do you agree that, basically, it would 
be a fine objective if we could proceed ahead as rapidly as we could 
on this development of nuclear propulsion? In view of what I 
believe to be the state of the nuclear art in this country which is 
substantially ahead of anyone else in the world, that we could fly 
the first satellite with nuclear propulsion ? 

Dr. Drypen. This certainly would be a prestige item. It certainly 
qualifies as such. 

Mr. Sisk. Not only a prestige item but it could have real practical 
effects. 

[ would hope you are moving along that line. I think this com- 
mitte would share with you in that feeling. 

Are there any other questions before we conclude? 

Unless there are, gentlemen, I want to say that we deeply appreciate 
your coming down, Dr. Dryden, and you, Mr. Finger, fe. for as- 
sisting us in the consideration of this nuclear budget. section. 

We have gone over and have taken final action on all portions 
of the budget except this item of $10 million, and the liquid rocket 
spe of, I believe, £63 million. We hope to conclude this afternoon 
on that. 

Now, while you gentlemen are still here, do you anticipate the 
possibility of needing supplemental money in any of these programs, 
let’s say, during the coming year? 
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I realize that this is conjecture as yet. But, do you feel that there 
are possibilities of breakthroughs here and there where additional 
funds in certain fields could be substantially beneficial? Do you fee] 
there is any chance of that, or do you think that—— 

Dr. Drypen. | think the only answer I could give is one that both 
Dr. Glennan and myself gave last year. If we need money, we will be 
back, and we have been back, the first two years in succession for 
various reasons. We have asked for the money we think we need, and 
as has been covered by testimony, we got pretty much what we asked 
for. 

There will be conditions which arise, both of the kind that you men- 
tion, and possibly also still, in spite of another year’s experience, of 
a failure to estimate costs accurately. 

If we need it, we will be back. 

Mr. Sisk. We hope that you have some breakthroughs so promising 
that you will be back, not because we want to spend the taxpayer's 
money, you understand, but because the achievement will be so great, 
and the possibilities look so good, that with a little more money, we 
might attain that goal we are talking about. 

Thank you a lot, gentlemen. 

Mr. Finger. Thank you. 

Mr. Sisk. I think Mr. Wilcove has thought of one further thing. 

Mr. Witcove. I have one more question, Doctor, in line with the 
questioning of the chairman. 

In a trade magazine it was stated that NASA is now preparing a 
program in which more money will be asked for the 1961 fiscal year, 
I assume from what you already said that the answer is “No”? 

Dr .Dryven. The answer is “No.” 

Mr. Witcove. Thank you. 

Mr. Sisk. Thank you a lot, gentlemen. 

The Committee will now go into excutive session. 

(Whereupon, at 3:36 p.m., the subcommittee proceeded in executive 
session. ) 
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